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I. ABSTRACT 
This thesis is concerned with the synthetic studies of 1,4,5,16-
tetrahydroxytetraphenylene (58). Some essential background and previous works in this 
area are firstly introduced. The synthesis of 1,4,5,14-tetramethoxy-
tribenzo [a, c, e]cyclooctene (65) was realized by Fremy's salt oxidation-zinc powder 
reduction reactions of 1 -hydroxy-5,14-dimethoxytribenzo[a,c, e]cyclooctene (64). The 
tribenzo[a, c, e]cyclooctene 64 was constructed through a Diels-Alder reaction of highly 
reactive didehydrodibenzo[a, e]cyclooctene 107 with furan, and was followed by ring 
aromatization with ？7-butyllithium. The preparation of the key compound, 1,8-
dimethoxydibenzo[<3,e]cyclooctene (61)，was achieved by a di-7i-methane photo-
rearrangement of 1,8-dimethoxybarrelene (98). For a large-scale preparation purpose, 
some modifications of the synthesis of the key intermediates were attempted. 
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摘要 . 
本論文是有關1，4，5，16-四經基四苯基炼(58)的合成硏究°首先介紹了該課 
題的一些基本背景及早前的工作。由1-經基-5，14-二甲氧基三苯倂[fl，c:,e]環辛四 
嫌(64)經Fremy驢氧化，再鋅粉還原實現了 1，4，5，14-四甲氧基三苯倂|>,^ :,6]環 
辛四稀 ( 6 5 )的合成。三苯倂環辛四焼 6 4則由高反應活性的脫二氫二苯 
倂環辛四煤 1 0 7同卩 ^ ^喃的 D i e l s - A l d e r反應和用正丁基鋰使環芳化而 
製成。關鍵化合物1，8-二甲氧基二苯倂[“，e]環辛四嫌(61)則由1，8-二甲氧基 
barrelene (98)經二-ti-甲院光照重排製得。爲了便於大量製造，對一些關鍵中間 
體的合成方法進行了一些改進。 
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IV. INTRODUCTION 
A. CHEMISTRY OF TETRAPHENYLENES 
Kekule proposed the structure of benzene about 120 years ago.' At that time, he 
failed to explain the low reactivity of benzene and its preference for substitution rather 
than addition reaction. Hiickel proposed on the basic of molecular orbital theory that six, 
rather than four or eight, 7i-electrons formed a stable system.^  Hiickel's rule associates 
aromaticity to monocyclic [4«+2] n (where w is an integer) system and states that these 
[4/7+2] 71 systems would be more stable than the [4n] n systems. It has also been 
1 
suggested that the [4n] n systems would be destabilized by delocalization and would, in 
fact, be anti-aromatic.^  In the [An] annulene family, the properties of cyclooctatetraene 
r 
(COT) (1) are completely different from those of the larger [An] annulenes. C O T is 
nonplanar and is best represented by a "tub" or “boat’ conformation. It belongs to D^j 
symmetry point group. It is believed that the nonplanarity of C O T arises not only from 
its geometrical strain caused by planar conformation but more importantly from the 
pseudo Jahn-Teller effect/ which comes into operation with the unfavorable 
arrangement of the molecular orbitals in planar symmetrical COT. Such a structure is 
almost strainless with normal polyene character. Furthermore, it is nonaromatic and the 
6 
adjacent n bonds are unable to overlap effectively. . 
The synthesis of the eight-membered ring of tetraphenylene (2) was first reported 
in 1943 in 16% yield by Rapson, Shuttleworth and Niekerk.^ A year later, Karle and 
Brockway6 showed by electron diffraction study that tetraphenylene (2) also has a non-
planar "tub" form with bonds alternating in length around the ring. The shorter bonds 
(1.39 土 0.02A) are common to the six-membered ring, while the bonds joining the 
benzene rings have a length of 1.52 土 0.04A; all the angles in the benzene rings, which 
are alternatively above and below the average plane of the molecule, are near 120°. 
Several years ago, several research teams^ '^ '' attempted to determine the barrier of 
the ring inversion of 2. In spite of claims to the opposite，？ it was evident that this barrier 
is quite high. Thermal racemization of (+)-3 was carried out but to no avail. The 
compound underwent complete decomposition when kept at 250°C for 30 minutes in an 
evacuated ampoule. The resolution of the dibenzodinaphthocyclooctatetrene (4) by 
chromatography on triacetylcellulose was superior to that of 3. Thermal racemization of 
(+)-4 was therefore carried out, and the racemization rates observed at 550 and 600°C 
corresponded to a activation free energy for ring inversion of 67.2 士 O-Skcal/mol, This 
is the highest barrier to conformational change ever reported and this barrier should be 
approximately valid also for 2. The reason for the very high barrier is because of 2 and 
4 have four repulsive H" H nonbonded interaction along the reaction coordinate to 
7 
inversion. ‘ 
M e - C ^ O 
2 3 4 
B. CLATHRATE INCLUSION C H A R A C T E R OF TETRAPHENYLENES 
In the early 1980，s Mak, Wong and coworkers started structural studies on series 
of benzannelated eight-membered ring systems." They discovered that the 
crystallization of tetraphenylene (2) in chloroform yielded tetragonal plates which 
gradually turned opaque on exposure to air. These findings were indicative of a guest-
host interaction in the crystalline solvate,and prompted them to undertake a 
systematic crystallization and X-ray study employing a wide variety of potential guest 
species. Clathrate crystals obtained by slow evaporation of solutions of tetraphenylene 
(2) in 'guest' solvents (G) conform to the general formula 2C24H16.G. The crystal data 
are tabulated in Table Ordering of the clathrates according to their unit-cell volumes 
provides a rational scale of effective molecular size for the encaged guest species. 
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Table 1. Crystal data for clathrates inclusion compounds of 2, 2C24Hi6.G . 
Volume (A3) 
Guest solvent, G a (A) C(A) Unit cell C a v i t y G u e s t 
CH2CI2 9.892(5) 18.46(1) W i 82.0(-120°C) 
Acetone 9.902(2) 18.491(6) 1813.0 ^ 
'^raF 9.906(1) 18.503(5) 1815.7 ^ 
C H ^ 9.935(2) 18.546(6) 1830.6 ^ 95.1(-90°C) 
C H ^ 9 . 9 2 5 ( 2 ) 18.593(3) 1831.5 ^ 103.8(-80°C) 
Dioxian 9.968(1) 18.553(5) 1843.5 ^ 
2-bromopropane 9.973(1) 18.633(5) 1853.3 iOL4 
l-bromopropane10.004(1) 18.647(4) 1866.2 107；8 
CCi7 9.930(2) 18.932(6) 1866.8 116.6(10 K bar) 
Benzene 10.069(1) 18.432(5) 1868.6 118.5(-135。C) 
Cyclohexane 10.73(1) 18.712(2) 1898.6 140.3(-158°C)  
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C. SYNTHESIS OF T E T R A P H E N Y L E N E A N D SUBSTITUTED -
T E T R A P H E N Y L E N E S 
The first successful synthesis of tetraphenylene (2) in 16% yield was 
reported by Rapson in 1943,5 (Scheme 1) and since then much effort had been devoted 
to the synthesis of 2 in acceptable yields. 
Scheme 1 
O i Q 
V ^ B r l)l2，Mg,Et20  
2) CuCl2 
u o 
5 6 2 
4% 16% 
Despite all these efforts, tetraphenylene (2) can only be obtained through 
pyrolysis, or through isolation from very complex procedures.It is therefore not 
surprising that relatively few derivatives of 2 are known. So far, four methods have 
been devised to prepare substituted tetraphenylenes. 
1. ELECTROPHILIC A R O M A T I C SUBSTITUTION A P P R O A C H 
The first method involved electrophilic aromatic substitution from which bromo-/ 
nitro-，5,i9 acetyl- and formyl-tetraphenylenes^® were realized. In this manner the four 
benzene rings of 2 behave as normal benzene nuclei because they are not conjugated to 
each other. The following reactions are some examples, 
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Scheme 2 
Q Q B . 
o o o - ^ o o ^ . 
o o 
2 7 
Q Q C H O Q 
0 1 ) 0 ^ O U P ^ O U u 
o o • o 
2 8 9 
The disadvantages of these substitution reactions are that there are a number 
of possible substitution sites on 2，therefore it is difficult to control and predict the 
amount and the position of substitution. 
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2. SUBSTITUTED BIPHENYLENE PYROLYSIS A P P R O A C H • 
The second method for the synthesis of substituted tetraphenylene is by 
pyrolyzing substituted biphenylenes. For example, vacuum sealed tube pyrolysis at 
400。C of 2,3,6,7-tetramethylbiphenyl (10) furnished 2,3,6,7,10,11,14,15-
octamethyltetraphenylene (11) in only 6 % yield (Scheme 3)? 
Scheme 3 
J M e 
sealed tube 
M e M e 
10 11 
6% 
Barton and Whitaker'^ also tried to use iodonium salt 12 to build up nitro-
substituted tetraphenylene, to overcome the disadvantages of the electrophilic aromatic 
substitution method (Scheme 4). 
Scheme 4 
N02 i V N02 
� �t o ^ O C o 
o 
12 13 14 
14.5% 0.6% 
This method also has its drawback because thermally sensitive compound 
12 
can not tolerate high reaction temperature and will be decomposed. As a result several . 
chemists22’23»24 tried to improve the reaction conditions by carrying out these reactions in 
lower temperature in the presence of a catalyst. Rhodium catalysts were chosen, which 
are known to open strained cyclic hydrocarbons by an oxidative addition mechanism. 
As shown in Scheme 5, pyrolysis of biphenylene (6) in the presence of a catalytic 
Scheme 5 
[ f w ^ f Y Y I i 
200�c 
O 
6 2 
amount of the rhodium catalyst at 200。C produced tetraphenylene (2) in 88% yield.^ ^ 
Edelbach, Lachicotte and Jones studied the mechanism of the catalytic carbon-
carbon bond activation and formation by platinum and palladium phosphine. They 
identified the intermediates in these catalytic reactions and a mechanism was also 
proposed (Scheme 
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Scheme 6 ,_, 
� ooo 
(Et3P)2PtQf p t r i — — — - — - w L 
© �3 O � 
Et3P PEt3 
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3. ARYL-HALIDE COUPLING A P P R O A C H 
The third method for realizing substituted tetraphenylene is the use of the 
intramolucular coupling of benzoannelated zincacylopentadiene intermediates prepared 
from 2,2'-dilithiobiaryls 
and ZnBij or ZnCl〗. The selective synthesis of tetraphenylene 
was accomplished through halogen-lithium exchange, transmetallation and reductive 
elimination (Scheme T ) ， 
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Scheme 7 
Br Br Br Br 
d ^ 1 刷 2 . 1 一 °C ^ ^ 
M 2. ZnBr2(l.l equiv.), 50。C 
Br Br 位 
18 19 
Br Br 
+ O C O 
20 21 
24% trace amount 
Another research team^® also tried to use activated nickel powder to react with aryl 
halides in order to lead to cyclic phenylenes. One of the most intriguing aspects of this 
transformation is the one-pot formation of triphenylene (24) and tetraphenylene (2) 
from the reaction of 1,2-dibrombenzene (22) with the activated nickel powder. The 
separation of these two compounds is readily achieved by employing their different 
solubility properties in cyclohexane in which only triphenylene (24) can be dissolved. 
Presumably, the formation of these cyclic compounds is the result of several successive 
intermolecular couplings and intramolecular reactions (Scheme 8). 
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Scheme 20 
B Br Br ‘ 
5 Br Br ^ ^ ^ ^ 
— a O�:: ‘ a . . . 
a: activated Ni, DMF, 140°C 
^ ogo 
23 
2 
a 25% 
24 
4. BIS ACETYLENE A P P R O A C H 
The forth method to synthesize tetraphenylene was developed in our own 
laboratories. As mentioned before, the entries to tetraphenylene and its substituted 
analogs are not trivial. The literature syntheses are all marred by complications such as 
low yields, difficulties in、synthesizing the precursor, tedious work-up and high 
temperature thermolysis conditions. Tetraphenylene (2) was also prepared in a 
moderate yield employing the highly strained bis-acetylenes〗',〗。,-” as precursors. Thus 
26 underwent Diels-Alder reaction with an excess of furan to afford endoxide 27 in a 
16 
quantitative yield, which was eventually deoxygenated with low-valent-titanium to . 
provide 2 in 50% yield. By utilizing the same strategy, several benzannulated 
tetraphenylenes have also been realized.^ '^^ ®'^ ^ 
• Scheme 9 
000 — o S o ^ 
— ^ Et3N 
50% 
26 27 
o H D 
2 
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D. SYNTHESIS OF TRIBENZO[a,c,g]CYCLOOCTENE . 
Tribenzo[a,c,e]cyclooctene (29) was first reported in 1944 by Rapson and 
Shuttleworth (Scheme 10)" but no further research work was published on this 
compound in the last decades. 
Scheme 10 
Q Q o 
^ f ^ ^ ^ / ^ y f ^ Cr03，Acetic acid 
M k ^ M ' 80-90°C, 2h 
o - o o 
2 28 
Q 
Ba(0H)2，copper bronze ~ \ 
300。C O y j 
38% ^ Q ] 
29 
Gugel and Meier^" has also tried to use 9,10-dihydrotribenzo[a, c, e]cyclooctene 
(30) to synthesize 29. They first carried out brominatiori by using iV-bromosuccinimide 
(NBS) and then dehydrobromination to obtain 29, in a moderate yield ( Scheme 11). 
Scheme 11 
Q • Q O 
OCO —OQO OOO 
Br 
30 31 29 
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Our laboratory had recently prepared 29 by another method,,;;’-^  which the -
reaction condition seems easier to control. The possibility of preparing 9,10-
didehydrotribenzo[fl, c, e]cyclooctene (32) was also studied." Dehydobromination of 
9,10-dibromo-9,10-dihydrotribenzo[a,c,g]cyclooctene (33) with KO小Bu yielded only 
9-/er/-butoxytribenzo[a,c,ejcyclooctene (34). The existence of 32 was substantiated by 
trapping experiments. For example, dehydrobromination in the presence of 1,3-
diphenylisobenzofuran (DIB) gave adduct 35 (Scheme 12)" 
Scheme 12 
O Q O 
o c o ^ o o o 
Br Br 
29 33 32 
• / 1 
OQO OQD 
、 ^ B u O @ 
34 Q 
35 
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• ‘ . 
Wong and co-workers)? have been interested in the cycloaddition reaction between • 
furans and strained acetylene, e.g. 5,6-didehydrodibenzo[a,e]cyclooctene (36)，from 
which 5,8-epoxy-5,8-dihydrotribenzo[a,c,e]cyclooctene (37) was isolated. As can be 
seen in Scheme 13，TiCl4 emerged as the reagent for deoxygenation due to its mildness, 
simplicity in execution, and product yield?? 
Scheme 13 
— A © TiCl4, • 
o o o — o o o - ^ ooo 
Et3N, 
36 37 50% 29 
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E. SYNTHESIS OF SUBSTITUTED TRIBENZO[a,c,e]CYCLOOCTENE . 
1,4-Disubstituted tribenzo[a,c,e]cyclooctene was prepared by cy do addition 
reaction between 2,5-disubstituted fiiran and strained acetylene.''''' Although there are 
a number of 2,5-disubstituted ftirans，only 2,5-dimethylfuran (41) underwent successful 
Diels-Alder cycloaddition with acetylene 36，In practice, dibromide 40 was 
dehydrobrominated with potassium /er/-butoxide in THF at room temperature for 2 
minutes to yield acetylene 36, which was not isolated and was treated with an excess 41 
for 24 hours. Endoxide 42 was then obtained. Low-valent-titanium reduction of 
endoxide 42 furnished the desired tribenzo[a，c,e]cyclooctene 43. Dehydrobromination 
of the monobromide 44 also yielded 36. 
Scheme 14 � ooo 
38 39 
Br Br — M e 八 M e 
« o O o - ^ 
40 36 
OOO ODD 
42 reflux 43 44 
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With 43 in hand, its derivatives had also been prepared. Benzylic bromination ‘ 
with N B S in the presence of dibenzoyl peroxide provided 1,4-
bis(bromomethyl)tribenzo[a,c,e]cyclooctene (45). Methoxylation of dibromide 45 was 
achieved by treatment of 45 with sodium methoxide to give 46. The methoxymethyl 
group could be oxidized to methoxycarbonyl group by treatment with mthenium(VIII) 
oxide.39 Noteworthy in this route was the necessity to hydrogenate the double bond of 
46; otherwise oxidative ring cleavage at the olefinic bond would lake place prior to 
oxidation of the methylene group. Thus catalytic hydrogenation of 46 gave 47. Finally 
47 was oxidized to diester 48 by ruthenium(VIII) oxide. 
Scheme 15 
M e - ^ Q ^ M e N B S B r C H 2 ~ < Q > " C H 2 B r 
f Y r ^ (C6H5C02)2 f f ^ / ^ f ^ NaOCH3 ^ 
CCI4 C H 3 O H 
reflux reflux 
• M e O C H 2 ~ ^ ^ K C H 2 0 M e M e O C H ^ - ^ Q ^ ^ C H z O M e RUCI3 
EtOAc CCI4-H2O-CH3CN 
46 47 
M e 0 2 C - H Q ) ^ C 0 2 M e 
000 
48 
Diester 48 was also used to prepare 54 and 55. Thus, treatment of diester 48 
with an excess of methyllithium and was followed by direct cyclization with 
22 
concentrated sulfuric acid to furnish hydrocarbon 50. Then, 50 was allowed to react -
with NBS and benzoyl peroxide, to lead to monobromide 52. Monbromide 52 was 
subjected to dehydrobromination reaction with potassium /er^ -butoxide in THF to 
provide the planar 54. By a similar strategy, diester 48 was hydrolyzed to the 
corresponding diacid 49 by treatment with sodium hydroxide. Then a direct Friedel-
Crafts cyclization with polyphosphoric acid (PPA), afforded dione 51. Monobromide 53 
was prepared by treatment of dione 51 with NBS in the presence of benzoyl peroxide. 
Monbromide 53 was again subjected to dehydrobromination reaction with potassium 
/er/-butoxide in THF to provide dione 55. 
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Scheme 16 
M e O ^ C n Q y - C O z M e i.NaOH H 0 2 C ~ < P ) ~ C 0 2 H 
^：：：：^^"^^ H 2 0 - M e 0 H ( f Y ^ f ^ l 
2.36% HCl 
48 49 
1.LiMe, THF, 
一 7 8°C then reflux PPA 
2. H2SO4 130°C 
0°C 
� ooo 
50 51 
NBS(2.2 eqv.) NBS(2.5 eqv.) 
(C6H5C02)2 (C6H5C02)2 
CCI4 CCI4 
reflux reflux 
006 
B r 5 2 Br 5 3 
'BuOK 'BuOK 
THF THF 
600 006 
54 5 5 
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F. THE AIM OF T H E PRESENT W O R K • 
Tetraphenylene (2) is a structurally highly interesting molecule. As a result several 
research teams have been very actively engaged in the synthesis of the derivatives of 2 
as well as in the studies of their host-guest behavior. In our present work, we would like 
to prepare five tetraphenylenols 56-60. Due to the very high barrier to ring inversion of 
tetraphenylenes, it is noteworthy that phenols 56，57 and 59 can in principle be resolved 
into their optical antipodes. On the contrary, tetraphenylenols 58 and 60 are intrinsically 
achiral. 
cQy pco oQ6 
56 57 58 
4 
oTD oTO 
， - | r ^ o 8 H H O ^ - H Q ^ ^ O H 
59 60 
As part of this project, I would like to use dibenzo[a, e]cyclooctene as a building 
block and subsequently build up substituted tetraphenylene through stepwise 
cycloaddition reactions. From 1,10-dimethoxydibenzo[a, e]cyclooctene (61) we hope to 
realize tribenzo[a, c, e]cyclooctene 65 which will eventually lead to our target 
25 
i 
• ‘ • . . . . • . . ‘ 
molecule 58 (Scheme 17). As shown in Scheme 17, 65 will also be a key compound . 
leading to our final target 58. In this thesis, the synthesis of 65 will be delineated. 
Scheme 17 
M e O O M e M e O — O M e M e O ( - O y O M e 
6 D 6 ^ ^ 6 5 6 
61 62 63 
O M e M e O O M e M e O O M e 
M e O ~ O H M e O " O M e M e O ~ ~ ( Q j ~ ~ O M e 
dc6—6o6—……^636 
64 65 66 
H O 只 O H 
H O — ^ ^ O H 
58 
� 
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V. RESULTS AND DISCUSSION 
1. SYNTHETIC STUDIES OF 1,4,5,16-TETRAHYDROXYTETRAPHENYLENE 
F R O M 1，4-DIH Y D R O A N T H R A Q U I N O N E 
Synthetic study of 1,4,5,16-tetrahydroxytetraphenylene (58) commenced from the 
commercially available 1,4-dihydroanthraquinone (73). The retrosynthetic analysis of 
1,4,5,16-tetrahydroxytetraphenylene (58) is outlined in Scheme 18. 
The tetrahydroxytetraphenylene 58 could be realized from compound 67 by boron 
tribromide deprotection of the alkoxy bridge. Compound 67 could be prepared from 
endoxide 68 by low-valent-titanium deoxygenation, which in turn could be generated 
from bis-acetylene 69 by an intramolecular Diels-Alder reaction. Compound 69 could 
be prepared by protection of the dibenzo[a,e]cyclooctene 70 with 1 -bromo-ethoxyfuran 
with subsequent bromination and dehydrobromination. The preparation of the 
dibenzo[a, e]cyclooctene 70 was achieved by photo-isomerization of barrelene 71’ 
under irradiation of a medium pressure mercury lamp. The key compound 71 had been 
synthesized by several methods."'^ '' Anthracene 72 could be prepared by reduction of a 
protected form of anthraquinone 73. 
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Scheme 18 
58 67 68 
’ • 
O M e 《 O y C " ^ ' , 0 — 
夕 O O ^ — � � 
# 70 O M e 、。人 0〜、'、0 69 
只 d O M e O M e O O H 
� 一 — 
O M e O M e O O H 
71 72 73 
J 
The hydroxyl group of anthraquinone 73 was protected by different methylation 
reagents, such as iodomethane and dimethylsulfate, the yields were 65% and 95%, 
respectively. 
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Scheme 19 
O O H O ？Me 
Mel, K2CO3，DMF f f Y ^ ^ 
reflux, 6h 
O O H 650/0 O O M e 
73 74 
9 ？H (Me0)2S02, K2CO3, 9 ？Me 
‘ Acetone 
^ V V reflu為 6h ^ ^ ^ ^ V V 
0 O H 95/0 o O M e 
73 74 
• . • 
1,4-Dimethoxyanthracene (72) was synthesized from 1,4-
dimethoxyanthraquinone (74) effectively by the modified procedure of Ruggli and 
Henzi.4。,4i Zinc dust and 10% sodium hydroxide were used to reduce anthraquinone 74 
to anthracene 72 in a moderate yield. 
Other reduction method had been tried. For example, refluxing of anthraquinone 
74 with 57% HI in acetic acid as solvent for 15 hour/^ ''^ '^'^  also led to 72. However, the 
yield was very low. - —— ..,、. 
Another route was devised by employing a stepwise procedure via sodium 
borohydride reduction of the intermediate anthrone'^ '^''^  (obtained by NaBHi reduction 
of anthraquinone 74 followed by acid dehydration of the resulting 9,10-dihydro-9,10-
anthracenediol), the yield being approximately 65%. W e tried to improve the yield by 
using different kinds of acid to carry out the dehydration, and the results are shown 
below (Table 2). 
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Scheme 20 
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O O M e 95% O M e 
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0 O M e 5 % O M e 
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I 
O O M e O M e 
1 NaBHU，DME，0。C，24h ff^^jf^^rAl 
^^^^V t 2. Acid, 3 0 m i n s ~ ^ W U ^ 
O O M e O M e 
74 72 
Table 2. Acid dehydration result 
Acid Used Yield (%) 
30% acetic acid 5 
80% acetic acid 
cone, sulfuric acid 40 
conc. hydrochloric acid 41.2 
p-toluic acid 98% ^ 
The trend shows that when a stronger acid was used, more products were obtained. 
W e also found out that water in the acid could affect the yield, and this was reflected by 
using an organic acid in place of an inorganic acid. With p-toluic acid, the yield of 72 
increased sharply. 
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The Diels-Alder reaction of anthracene with different dienophilies to construct a . 
9,10-ethenoanthracene skeleton had been widely investigated since 1938.47 Maleic 
anhydride 75 reacted with 1,4-dimethoxyanthracene 72 in boiling toluene to give an 
adduct as colourless crystals in 92% yield/? Anhydride 76 was subjected to hydrolysis 
by sodium hydroxide in a boiling solution of 40% aqueous methanol to give 96% yield 
of diacid 77 as colorless crystals/^ '"*^  The oxidative bisdecarboxylation of diacid 77 with 
lead tetraacetate^ ®'^ ' and oxygen in pyridine provided the key intermediate 1,4-
dimethoxybarrelene 71 in only 19% yield after careful column chromatography. 
Scheme 21 
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As a dienophile, dimethyl acetylenedicarboxylate (78) also undergoes a 
Diels-Alder reaction with 1,4-dimethoxyanthracene (72).48,49 Thus, a mixture of 
anthrancene 72 and dimethyl acetylenedicarboxylate (78) in toluene was heated to 
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reflux for five hours under nitrogen to give an adduct, namely dimethyl 9,10-dihydro- . 
9,10-etheno-l ,4-dimethoxyanthracene-11,12-dicarboxylate (79) as white solids in 80% 
yield. Diester 79 was hydrolyzed by treatment with sodium hydroxide in boiling 
aqueous methanol. 9,10-Dihydro-9,10-etheno-1,4-dimethoxyanthracene-11,12-
dicarboxylic acid (80) was obtained as colorless solids in 92% yield. 
Reductive bisdecarboxylation"'"'^ '''" of diacid 80 was accomplished by refluxing 
a mixture of diacid 80 and copper powder in quinoline for 3 hours, affording in 75% 
yield 1,4-dimethoxybaiTelene (71). 
' Scheme 22 
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In this reaction, a retro-Diels-Alder product could also be obtained and hence the 
reaction temperature should not be too high; otherwise the desired product would 
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undergo a retro Diels-Alder reaction. The optimum temperature was around 240。C. If . 
the temperature were higher then 250°C, the major product would be 1,4-
dimethoxyanthracene (72). 
Several reports^ '^"'^ ^ have shown that the photoinduced isomerization of barrelene 
(38) in tetrahydrofuran without photo-sensitizer for 10 hours at room temperature 
would give dibenzo[a,e]cyclooctene 39. W e therefore tried to repeat this reaction by 
replacing barrelene (38) with 1,4-dimethoxybarrelene (71). Nevertheless 71 gave 1,4-
dimethoxydibenzosemibullvalene (82) instead, even in the absence of a sensitizer. 
Scheme 23 
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Scheme 20 
Photo-rearrangement mechanism 
In the triplet state 
^ t.^ . / p 
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In the singlet state 
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The result as mentioned above was not surprisingly because a literature report" . 
hinted that a self-sensitizing of 1,4-dimethoxybarrelene" (71) could also be a likely 
explanation. 
In view of the unfavorable outcome, we tried to use diester 79 for the 
photoisomization reaction, in the hope that the electron withdrawing carboxylate group 
could diminish the photo-sensitizing behavior. However, the result was still not as good 
as we had expected. 
Scheme 25 
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In this reaction, with the help of the carboxylate group, the singlet state reaction 
(Scheme 27) still competed with the triplet-state reaction (Scheme 26). Therefore only 
7 % of dimethyl 1,4-dimethoxydibenzo[<3,e]cyclooctatetraene-5,12-dicarboxylate (85) 
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(the singlet state pathway) was isolated. On the other hand, the triplet state pathway of . 
the di-7i-methane rearrangement should give two isomeric biradical BRla and BRlb 
(Scheme It is reasonable to assume that biradical BRla enjoys an additional 
stabilization by the methoxy substituents of the 1,4-dimethoxybenzene moiety,^ ' 
thereby leading to a significant formation of 83 in 79% yield. Single-crystal X-ray 
diffraction studies confirmed the structure of 83, 84 and 85. 
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Scheme 20 
Mechanism of di-Ti-methane rearrangement for compound 79 (triplet 
state) 
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Scheme 20 
Mechanism of di-Tt-methane rearrangement for compound 79 
(singlet state) 
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W e had also studied the likely conversion of semibullvalene 83 or 84 to 
cyclooctatetraene 85. Thus, the same reaction condition was used as before for further 
irradiating (24 hours) of the semibullvalene 83 and 84. An interesting result was obtained, 
from which both isomers 83, 84 and 85 were isolated. This proved that with enough energy 
semibullvalene could be converted to cyclooctatetraene derivatives and their isomers. 
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Scheme 28 
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. We had also tried to extend the irradiating time to 48 hours, but the yield of the 
cyclooctatetraene derivatives was not improved. On the other hand, further irradiation 
caused decomposition of the starting material as well as the product. As a conclusion, there 
seems to be an equilibrium relation between isomers 83, 84, and 85, so that further 
irradiation could not change their proportions. 
With 85 in hand, we then proceeded to hydrolyze it with sodium hydroxide in a 
boiling solution of 40% aqueous methanol''^  to provide the corresponding diacid. 
Subsequent thermal reductive bisdecarboxylation with copper powder in quinoline gave 
l,4-dimethoxydibenzo[a,e]cyclooctene (70) in 75% yield. A single-crystal X-ray 
diffraction study confirmed the structure of 70. 
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Scheme 29 
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The poor overall product yield and the difficulty in the isolation of 85 led us to 
start another approach for 1,4-dimethoxydibenzo[fl, e]cyclooctene (70). 
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2. SYNTHETIC STUDIES OF 1,4,5，16-TETRAHYDROXYTETRAPHENYLENE . 
F R O M 1 -AMINO A N T H R A Q U I N O N E 
In this procedure, 1 -aminoanthraquinone (86) was used as the starting material. 
Zinc dust and 10% sodium hydroxide^ 。," were used to reduce anthraquinone 86 to 
anthracene 87 in a moderate yield. The amino group of anthracene 87 could be replaced 
by a hydroxyl group by treatment of 87 with aqueous sodium bisulfite.^ '^ '" 
Scheme 30 
O NH2 NH2 O H 
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This is a reversible reaction and both the forward and reverse reactions are known 
as the Bucherer reaction.^ '' The mechanism of the Buncherer reaction is depicted in 
Scheme 31. 
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‘ Scheme 31 U N X T T T 
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The hydroxyl group of 88 was converted to a methoxyl group by treatment of 88 
with dimethyl sulfate and potassium carbonate, yielding 95% of 1 -methoxyanthracene 
(89). 
Scheme 32 
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42 
The addition of dimethyl acetylenedicarboxylate (78) to 1 -methoxyanthracene . 
(89) readily yielded diester 90,which could be converted into the corresponding 
diacid 91 by sodium hydroxide. The reaction conditions were similar as that reported 
before. Reductive bisdecarboxylation of diacid 91 gave 1 -methoxybarrelene 92，in 
which the reaction condition is again the same as reported earlier. The overall yield of 
92 was 55.2% (from 89 to 92). 
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1 -Methoxydibenzo[a, e]cyclooctene (93) was synthesized in 80% yield by 
irradiating 1-methoxybarrelene (92)56 the same reaction condition as that for 1,4-
dimethoxybarrelene (71). A single-crystal X-ray diffraction study confirmed the 
structure of 93. This result also supports our conclusion that the two methoxy groups of 
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71 could be self-photosensitizing. . 
Scheme 34 
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With 1 -methoxydibenzo[<3, ejcyclooctene (93) in hand, the next step was to 
oxidize it to benzoquinone 94. Two routes were tried to meet this target. First, 1-
methoxydibeiizo[a, e]cyclooctene (93) was directly treated with the Jones reagent, 
giving only 5 % yield of benzoquinone 94. This may be due to the exceeding strength of 
the oxidizing agent. 
Scheme 35 
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Next we planned to deprotect the methoxy group first, then some milder oxidizing 
agent was used to oxidize the corresponding product. 1-
Methoxydibenzo [a, e] cyclooctene (93) was therefore allowed to react with boron 
tribromide in dichloromethane as solvent for 24 hours,then manganese(IV) 
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oxide7。,7i was used to oxidize the crude product, affording an overall 15.8% yield of 94 
from 93. 
Scheme 36 
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The next step was to reduce the benzoquinone 94 back to the hydroquinone 
96，and this was achieved by reacting quinone 94 with zinc powder in acetic acid/:” 
leading to a 70% yield of hydroquinone 96. Compound 96 seemed to be very reactive, 
and it decomposed in 30 minutes even under nitrogen. It was therefore directly used 
and protected with dimethyl sulfate without further manipulation, to give an overall 
13.30/0 yield of 70 from 92. Although the overall yield had been improved, the 
complicated steps, difficulties in making the precursor, tedious work-up and low yield 
all combined to lead us to plan another approach to meet our target. 
Scheme 37 . 
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3. SYNTHETIC STUDIES OF 1，4，5,16-TETRAHYDROXYTETRAPHENYLENE . 
F R O M 1,8-DIHYDROXYANTHRAQUINONE 
As shown in the retro-synthetic Scheme (Scheme 38)，our target molecule could 
be achieved by stepwise Diels-Alder reactions with the corresponding alkynes and 
furan. The key compound of this Scheme is 1,8-dimethoxydibenzo[a,e]cyclooctene 
(61)，which could be prepared by a similar method as reported before by replacing the 
starting material with 1,8-dihydroanthraquinone (99). 
Scheme 38 
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1,8-Dihydroanthraquinone (99) was used as starting material, whose hydroxyl . 
groups were protected as methoxyl group by treatment with dimethyl sulfate and 
potassium carbonate, yielding 1,8-dimethoxyanthraquinone (100). Compound 100 was 
reduced to the corresponding anthracene 101''° by zinc dust and 10% sodium hydroxide 
in a moderate yield. 
Scheme 39 
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The Diels-Alder reaction of anthracene 101 with dimethyl acetylenedicarboxylate 
•. 
(78) in toluene gave the corresponding adduct 102 in 80% yield. The adduct was 
hydrolyzed by treating with sodium hydroxide in boiling 40% aqueous methanol. The 
diacid 103 was obtained in 92% yield. Reductive bisdecarboxylation of diacid 103 was 
accomplished by refluxing diacid 103 and copper powder in quinoline for 3 hours, 
affording in 75% yield 1,8-dimethoxybarrelene (98). 
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Photoinduced isomerization of 1,8-dimethoxybarrelene (98) in tetrahydrofuran for 
10 hours at room temperature gave l，8-dimethoxydibenzo|>,e]cydooctene (61) as 
colorless crystals in 95% yield. 
Scheme 41 
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Bromination''® of dibenzo[a,e]cyclooctene 61 with one molar equivalent of 
bromine at 0。C gave a mixture of 5,6-dibromo-5,6-dihydro-l,10-
dimethoxydibenzo[a, e]cyclooctene (104) and 2,3-dibromo-2,3-dihydro-l,4-
dimethoxydibenzo[a, e]cyclooctene (105). W e had tried to separate it by column 
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chromatography, but the compound decomposed on the column. Crystallization also • 
had been carried out without success because the solubilities of the two isomers are 
similar. The presence of two isomers was proved in the next step. 
Scheme 42 
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With dibromides 104 and 105 in hand, the next step was to construct the 
tribenzo [a, c, e]cyclooctene skeleton. A literature survey showed that even the synthesis 
of the parent tribenzo [a, c, g]cyclooctene was not a trivial maneuver. Although this 
molecule had been known for more than 57 years，" its practical preparation had not be 
established until the Diels-Alder reaction of the strained acetylene with furan 
derivatives were reported in 1980." In practice, a solution mixture of dibromides 104 
and 105 in tetrahydrofuran was treated with a solution of potassium /er/-butoxide in 
tetrahydrofuran at room temperature for two minutes under nitrogen atmosphere. The 
dehydrobromination expectedly gave unstable acetylenes 106 and 107. This instability 
more or less hindered the subsequent Diels-Alder reaction with furan. The present of 
the unstable acetylene was proved by isolating the byproduct 5-/er/-butoxy-l，10-
dimethoxy-dibenzo [a, c] cy clooctene (108). A single-crystal X-ray diffraction study 
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confirmed the structure of 108. ‘ 
Scheme 43 
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This problem was eventually overcome by combining two reactions in one pot. 
Thus, treatment of actylenes 106 and 107 (generated in situ) with furan at room 
temperature for 24 hours under nitrogen gave 30% and 6 % (based on 
： • 
dibenzo[<3, e]cyclooctene 61) of l,4-endoxo-l,4-dihydro-8,ll-
dimethoxytribenzo[^ z, c, e]cyclooctene (109) and l,4-endoxo-l,4-dihydro-5,14-
dimethoxytribenzo[fl[,c,e]cyclooctene (63)，respectively. 
> 
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Endoxide ring-opening with various reagents had been reported.74,75,76 Endoxide 
63 was therefore treated with «-BuLi (2 eqv.) in THF at -78。C for 24 hours.” 
Aromatization of endoxide 63 occurred smoothly to give l-hydroxy-5,14-
dimethoxytribenzo[a,c, ejcyclooctene (64) . A single-crystal X-ray diffraction study 
confirmed the structure of 64. 
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Then phenol 64 was oxidized to benzoquinone 110 by Fremy's salt?^ "'. The 
oxidation of phenol with Fremy's salt represents an excellent synthetic method for the 
preparation of either o- or p-benzoquinones under very mild conditions.''^  Fremy's salt 
was dissolved in 0.2M potassium phosphate buffer (pH 6) to give a 0.3 M solution. 
This was then added to a 0.1 M solution of 64 in dichloromethane. The resulting two-phase solution was then vigorously stirred until the starting material disappeared, giving benzoquinone llO.'®'^''^ ^ The crud  product was directly educed back to hydroquinone 111 by zinc powder in acetic acid^ l I  wa  the  protect  immedi tely, to e 1,4,5,14-tetram oxytribenzo[a,c, ]cyclooctene (65), by eflux ng hydroquinone 
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I l l with dimethyl sulfate and potassium carbonate for 6 hours. The overall yield was -
50% from 64 to 65. 
Scheme 46 
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VL CONCLUSION: 
1,4,5,14-Tetramethoxytribenzo [a, c, e] cyclooctene (65) have been synthesized from 
1,8-dihydroanthraquinone (99). 
By literature studies, tetrahydroxytetrahpenylene 58 could be realized by 
bromination of 65 with bromine in carbon tetrachloride. The corresponding dibromide 
112 can be dehydrobrominated with potassium /e"-butoxide in THF at room 
temperature to provide the corresponding acetylene 113. On reaction with an excess of 
‘ furan, 113 should afford endoxide 114. Low-valent-titanium deoxygenation endoxide 
of 114 can furnish the desired 97. 
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On the other hand, we can also use enoxide 109 to achieve our target. The 
synthetic strategy is similar as that reported before. The synthetic Scheme is listed 
below (Scheme 47). The enoxide 109 can be deoxygenated by low-valent-titanium, to 
give tribenzo[a, c, e]cyclooctene 115. Bromination of the compound 115 could give 116. 
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The dibromide 116 will be treated with potassium tert-butoxide； and will be followed . 
by a Diels-Alser reaction with furan, leading to endoxide 117. The following steps are 
just the same before. 
Scheme 48 
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VIL EXPERIMENTAL 
General Information 
All reagents and solvents were reagent grade. Further purification and drying by 
standard method®-'' were employed when necessary. All evaporations of organic solvents 
were carried out with a rotary evaporator in conjunction with a water aspirator. N M R 
spectra were recorded on a Bruker M H z DPX-300 spectrometer (300.13 M H z for 'H 
and 75.47 M H z for All N M R measurements were carried out at room temperature 
in deuterated chloroform solution, unless otherwise indicated. Chemical shifts are 
reported as parts per million (ppm) in 5 units on the scale downfield from 
tetramethylsilane (TMS) or relative to the resonance of chloroform solvent (7.26 ppm 
in the 'H； 77.0 ppm for the central line of the triple in the '^ C modes, respectively). 
Coupling constants (J) are reported in hertz (Hz). Splitting pattern are described as "s" 
(singlet); "d" (doublet);"t" (triplet); "q" (quartet); “m” (multiplet). 'H N M R data are 
reported in this order: chemical shifts; multiplicity; coupling constant(s), number(s) of 
proton. Mass spectral (MS) data were obtained on a HP5989B mass spectrometer, and 
recorded at an ionization energy of 70eV. In all case, signals are reported as m/e. 
Analytical thin-layer chromatography (TLC) was carried out on commercial E. Merck 
60 PF254 silica plates (Art. 5554). E. Merck 230-400 mesh silica gel (Art.9385) was 
used for column chromatography. Elemental analysis were performed at Shanghai 
Institute of Organic Chemistry, The Chinese Academy of Sciences. 
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SYNTHETIC STUDIES OF 1,4,5,16-TETRAHYDROXYTETRAPHENYLENE 
F R O M 1,4-DIHYDROANTHRAQUrNONE ‘ 
1,4-Dimethoxy anthraquinone (74) 
Method A: 
To an acetone solution of 1,4-dihydroxyanthraquinone (73) (20 g, 83 mmol) was 
added potassium carbonate (15 g) and the mixture was refluxed to boiling. Dimethyl 
sulfate (23 mL，0.25 mol) was added through a dropping funnel. The mixture was kept 
at reflux overnight. The mixture was then acidified and the acetone removed under 
vacuum. The compound was extracted with dichloromethane (3x 200 mL), and was 
evaporated. Crystallization from a mixture of dichloromethane and ethyl acetate 
afforded pure 1,4-dimethoxyanthraquinone (74) (21.Ig, 95%) as yellow solids: m p 142-
143。C (lit'' 141]43。C); M S (C.^H.^O,) m/e 268 (M+); 'H N M R 5 3.98 (s, 6H), 7.33 (s, 
2H)，7.68-7.71 (dd，J= 3.3 Hz, 5.7 Hz, 2H), 8.13-8.16 (dd, J = 3.3 Hz, 5.7 Hz, 2H); '-'C 
N M R 6 56.94, 120.12，122.92,126.36, 133.26,134.14，156.05,183.43. 
Method B: 
To a A^界dimethyl foraiamide (DMF) solution of 1,4-dihydroxyanthraquinone (73) 
(20 g，83 mmol) was added potassium carbonate (15 g) and potassium iodide (5 g). The 
mixture was then heated to 65。C. lodomethane (15.5 m L , 0.25 mol) was added through 
a dropping funnel. The mixture was kept at reflux overnight by using an ice-water 
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condenser. The compound was extracted with dichloromethane (3x 200 mL), and was • 
evaporated. Crystallization from a mixture of dichloromethane and ethyl acetate 
afforded pure 1,4-dimethoxyanthraquinone (74) (14.4 g, 65%), which was identical in 
all aspects with those of an authentic sample prepared previously {vide supra). 
1,4-Dimethoxyanthracene (72) 
Method A44 
To an ethyleneglycol dimethyl ether (DME) solution of 1,4-
dimethoxyanthraquinone (74) (5 g，18.6 mmol) was added sodium borohydride (1.0 g, 
26.4 mmol) and the mixture was stirred in an ice-bath overnight. p-Toluic acid (7.0 g, 
37.2 mmol) was added in four portions and the resulting mixture was stirred for 30 
minutes. Ice water (100 m L ) was added and the mixture was extracted with 
dichloromethane (3x 100 mL). After evaporation of the solvent, the residue was 
chromatographed on silica gel (200 g, hexanes : ethyl acetate/ 9:1) to give 1,4-
dimethoxyanthracene (72) (2.9 g，65%): mp 124-125°C (lit"' 125-126°C); M S 
(C.^H.A) m/e 238 (M+); 'H N M R 5 4.04 (s, 6H), 6.61(s, 2H), 7.47-7.50 (dd, J = 3.3 
Hz, 6.6 Hz, 2H)，8.04-8.07 (dd，J= 3.3 Hz, 6.6 Hz, 2H), 8.79 (s, 2H); '"'C N M R 6 55.61, 
110.85，120.74，125.49，125.63,128.53，1321.44,149.44. 
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Method B'' 
To a 10% sodium hydroxide solution of 1,4-dimethoxyanthraquinone (74) (20 g， 
74.6 mmol) was added zinc powder (10.0 g, 153.0 mmol) and the mixture was stirred 
and heated generally, and ethanol ( 5 mL) was added to prevent foaming. The mixture 
was heated for 24 hours. The reaction mixture was filtered and the residue was washed 
with dichloromethane (3x 200 mL). The organic solutions were combined and 
evaporated. After evaporation of the solvent, the residue was chromatography on silica 
•gel (1000 g, hexanes : ethyl acetate/ 9:1) to give 1,4-dimethoxyanthracene (52) (16.9 g, 
95%), which was identical in all aspects with those of an authentic sample prepared 
previously {vide supra). 
Method C'丨 
1,4-Dimethoxyanthraquinone (74) (4.0 g，14.9 mmol) was heated to reflux with 
HI (57%, 10 mL) and glacial acetic acid (50 mL) for 15 hours. The reaction mixture 
was poured into NajSzO，solution (1%, 200 mL), and the precipitate was collected by 
filtration and was purified further by chromatography on silica gel (80 g, hexanes : 
ethyl acetate/ 9:1) to give 1,4-dimethoxyanthracene (72) (0.18 g, 5%), which was 
identical in all aspects with those of an authentic sample prepared previously (vide 
supra). 
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9,10-Dihydro-9,10-ethano-l,4-dimethoxyanthracene-ll,12-dicarboxylate 
anhydride (76)'' 
A mixture of 1,4-dimethoxyanthracene (72) (17.8 g, 74 mmol) and maleic anhydride 
(75) (9.1 g, 0.11 mol) in toluene (150 mL) was stirred and heated to reflux on an oil 
bath for five hours. The reaction mixture was cooled with an ice water bath and filtered 
by suction. The cake was washed with absolute ethanol (3x5 mL) and dried at room 
temperature to give the crude product (12.5 g, 95%). Recrystallization from absolute 
ethanol afforded pure 9,10-Dihydro-9,10-ethano-1,4-dimethoxyanthracene-11,12-
dicarboxylate anhydride (76) (23.2 g, 92%) as white solids: m p 266-267°C; M S 
(C.eHiA) rnle 336 (M+);丨H N M R 5 3.44 (s，2H), 3.82 (s, 6H), 5.30 (s, 2H), 6.68 (s, 
2H), 7.17-7.20 (dd,J= 3.0 Hz, 5.4 Hz, 2H), 7.34-7.36 (dd, J = 3.0 Hz, 5.4 Hz, 2H); "C 
N M R 6 38.62,47.42，55.96, 109.57, 125.27，127.47，130.12, 138.34, 148.68，170.56. 
9,10-Dihydro-9,10-ethano-l,4-dimethoxyanthracene-ll,12-dicarboxylic acid (77) 
To a solution of sodium hydroxide (48.0 g, 1.2 mol) in 40% aqueous methanol 
(1000 mL) was added 9,10-dihydro-9,10-ethano-1,4-dimethoxyanthracene-11,12-
dicarboxylate anhydride (76) (8.3 g, 30 mmol). The mixture was allowed to reflux with 
stirring for 4 hours, then cooled to room temperature. The reaction mixture was 
acidified with 36% hydrochloric acid and filtered with suction filtration. The product 
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was dried under vacuum to give diacid 77 (25.3 g，96%) as white solids: m p 263-264°C . 
(Iit85 263-265。C); M S {C^o^.fie) mie 354 (M+); 'H N M R (Acetone-沟 5 2.13 (s, 2H), 
3.85 (s，6H), 5.24 (s，lH)’ 6.24 (s，2H), 6.70 (s, 2H), 7.06-7.09 (dd,J= 3.3 Hz, 5.4 Hz, 
2H), 7.48-7.51 (dd, J = 3.3 Hz, 5.4 Hz, 2H); ''C N M R 6 30.71, 48.02，56.75, 110.50， 
124.82, 126.11，134.52, 145.51, 150.22, 167.25. 
Dimethyl 9,10-dihydro-9,10-etheno-l,4-dimethoxyanthracene-ll,12-dicarboxylate 
(79)47 
A mixture of 1,4-dimethoxyantlhracene (72) (10.0 g, 42.0 mmol) and dimethyl 
acetylenedicarboxylate (78) (8.9 g，63.0 mmol) in toluene (75 mL) was refluxed with 
stirring for five hours. The reaction mixture was cooled with an ice water bath and 
filtered by suction. The cake was washed with absolute ethanol (3x5 m L ) and dried at 
room temperature to give the crude product (14.4 g, 90%). Crystallization from 
absolute ethanol afforded pure dimethyl 1,4-dimethoxy 9,10-dihydro-9，10-
ethenoanthracene-11,12-dicarboxylate (12.8 g，80%) (79) as white solids: m p 256-
257。C; M S (C22H2CA) m/e 379 (M-1); 'H N M R 6 3.79 (s, 6H), 3.80 (s, 6H), 5.91 (s, 
2H), 6.53 (s, 2H)，6.98-7.01 (dd, J = 3.3 Hz, 5.4 Hz, 2H), 7.38-7.41 (dd, J = 3.3 Hz, 5.4 
Hz, 2H) 13c N M R 6 46.14, 52.34, 56.45，109.46，123.89, 125.12, 133.71, 144.29, 
147.67，149.14，166.02; Anal. Calcd. for C22H20O6: C, 69.46; H, 5.30. Found: C, 69.18; 
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H, 5.42. • 
9,10-Dihydro-9,10-etheno-l,4-dimethoxyaiithracene-ll,12-dicarboxylic acid (80) 
Dimethyl 9，10-dihydro-9,10-etheno-1,4-dimethoxyanthracene-11,12-dicarboxylate (79) 
(10.0 g, 26.3 mmol) was added to a solution of sodium hydroxide (15.0 g, 0.38 mol) in 
40% aqueous methanol (300 mL). The mixture was allowed to reflux with stirring for 
、 four hours, then cooled to room temperature. The reaction mixture was acidified with 
36% hydrochloric acid and filtered with suction filtration. The residue was 
recrystallized from absolute ethanol to give 9,10-dihydro-9,10-etheno-1,4-
dimethoxyanthracene- 11,12-dicarboxylic acid (80) (8.5 g，92%) as white solids, which 
was not purified further and was used immediately in the subsequent step. 
lj4-Dimethoxybarre!ene (71) … - -
Method A'' 
A mixture of 9,10-dihy dro-9,10-ethano-1,4-dimethoxyanthracene-11,12-
dicarboxylic acid (77) (3.0 g, 8.5 mmol) and lead tetraacetate (10.5 g, 23.5 mmol) in 
pyridine (30 mL) was bubbled with oxygen at 67。C for two hours. After cooling to 
room temperature, the reaction mixture was poured into dilute nitric acid (200 mL) and 
extracted with dichloromethane (3x100 mL). The organic extracts were washed with 
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saturated aqueous sodium bicarbonate (20 mL) and dried over magnesium sulfate. • 
Column chromatography on silica gel (300 g, hexanes : ethyl acetate/ 9:1) afforded 1,4-
dimethoxybarrelene (71) (0.43 g，19%): mp 209-210°C; M S (C^.U^fi^) m/e 264 (M+); 
•H N M R 5 3.86 (s, 6H)，5.68-5.71 (dd, J= 3.3 Hz, 4.2 Hz, 2H), 6.56 (s, 2H), 7.01-7.03 
(dd,J= 3.3 Hz, 5.4 Hz, 2H), 7.09-7.12 (dd, J = 3.3 Hz, 4.2 Hz, 2H), 7.38-7.41(dd, 7 = 
3.3 Hz, 5.1 Hz, 2H); "C N M R 5 44.56, 56.17, 108.22, 123.06, 124.12, 136.08, 139.91, 
146.63, 148.65; Anal. Calcd. for C.gH.A: C, 81.79; H, 6.10. Found: C, 81.85; H，6.22. 
Method B5 丨 
A suspension of 9,10-dihydro-9,10-etheno-1,4-dimethoxyanthracene-11,12-
dicarboxylic acid (80) (10.0 g, 28.4 mmol) and copper powder (9.4 g, 142.0 mmol) in 
quinoline (200 mL) was refluxed for 3 hours under nitrogen. After cooling to room 
temperature, dichloromethane (200 mL) .was added .to dilute .the. mixture, which was 
then filtered. The filtrate was washed with 10% hydrochloric acid (3x150 mL) and 
dried over magnesium sulfate. After evaporation of the solvent, the residue was 
chromatographed on silica、gel (300 g, hexanes : ethyl acetate/ 9:1) to give 1,4-
dimethoxybarrelene (71) (5.6 g, 75%), which was identical in all aspects with those of 
an authentic sample prepared previously {vide supra). 
1,4-Dimethoxydibenzosemibullvalene (82)" 
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A solution of 1，4-dimethoxybarrelene (71) (1.0 g, 79 mmol) in degassed • 
anhydrous tetrahydrofuran (500 mL) was irradiated with a mercury lamp (125 W 
medium pressure) at room temperature for 10 hours under a nitrogen atmosphere. After 
evaporation of the solvent, column chromatography on silica gel (100 g, hexanes : ethyl 
acetate/ 3:1) afforded 1,4-dimethoxydibenzosemibullvalene (82) (0.8 g, 80%); m p 211-
212°C; M S (C.gHiA)族 264 (NT); 'H N M R 5 3.11-3.22 (m, 2H), 3.56-3.62 (dd, J = 
6.3 Hz, 12.6 Hz, IH), 3.76 (s�3H), 3.81 (s�3H), 4.63-4.65 (d, J=6.0 Hz, IH)�6.47-6.54 
(dd,y=6.3 Hz, 12.0 Hz, 2H), 7.00-7.05 (m, 2H), 7.26-7.29 (m, 2H); "C N M R 5 35.33, 
37.63，48.76，51.32, 55.59, 55.82, 108.51, 109.36, 121.18, 124.83, 125.66, 126.30, 
126.99，138.14,139.66，147.69，150.62, 150.99; Anal. Calcd. for C.gH.A： C，81.79; H, 
6.10. Found: C, 81.96; H, 6.26. 
DimethyL 4b，8b-dihydro-l，4-methoxydibeiizo[fli/]cyclopropa[c，r/]pentalene-8c，8e："  
dicarboxylate (83) ， Dimethyl 4b,8c-Dihydro-l,4-dimethoxydibenzo[fl^ 
cyclopropa[c,£f] pentalene-8b,8e-dicarboxylate (84) and Dimethyl 1,4-
Dimethoxydibenzo[fl,e]cyclooctatetraene-5,12-dicarboxylate 
A solution of dimethyl 9,10-dihydro-9,10-etheno-1,4-dimethoxyanthracene-11,12-
dicarboxylate (79) (1.0 g, 2.61 mmol) in degassed anhydrous tetrahydrofuran (500 mL) 
was irradiated with a mercury lamp (125 W medium pressure) at room temperature for 
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10 hours under a nitrogen atmosphere. After evaporation of the solvent, column . 
chromatography on silica gel (200 g, hexanes : ethyl acetate/ 3:1) afforded dimethyl 
4b,8b-dihydro-l,4-methoxydibenzo[(3,/|cyclopropa[c,(i]pentalene-8c,8e-dicarboxylate 
(83) (0.79 g，79%); R^ (83) = 0.32 ，dimethyl 4b,8c-Dihydro-l,4-
dimethoxydibenzo[<3,/]cyclopropa[c,<i] pentalene-8b,8e-dicarboxylate (84) (0.10 g， 
10%); Rf (84) = 0.23 and dimethyl l,4-Dimethoxydibenzo[<3,e]cyclooctene-5,12-
dicarboxylate (85) (0.07 g, 7%); Rf (85) = 0.11. 
For (83) : mp 157-158°C; M S m/e 379 (M-1); 'H N M R 5 3.68 (s，3H), 3.70 (s, 3H), 
3.81 (s, 3H), 3.82 (s, 3H)，4.40 (s，IH)，5.24 (s, IH)，6.52-6.59 (dd, J = 8.7 Hz, 12.9 Hz, 
2H), 7.06-7.09 (m, 2H)，7.29-7.37 (m, 2H);丨‘'C N M R 6 48.80, 52.15, 52.20, 52.64, 
55.72, 56.08，56.60, 65.83，110.40, 110.59, 121.67，123.09, 125.44, 126.77, 127.15, 
134.97, 139.02, 147.57，149.65, 150.46，168.43，169.61; Anal. Calcd. for Cj^U^fi, : C, 
69.46; H’ 5.3. Found: C, 69.34; H，5.17 一 ....…. … 
For (84) ： m p 165-167°C ； M S m/e 379 (M-1); 'H N M R 5 3.70 (s, 3H). 3.74 (s, 3H), 
3.81 (s, 3H), 3.87 (s, 3H)，4.62 (s，IH), 5.19 (s，IH), 6.51-6.57 (dd, J = 8.7 Hz, 10.8 Hz, 
2H), 7.09-7012 (m, 2H), 7.30-7.34 (m, 2H); ''C N M R 5 46.96, 52.21, 52.65，52.98’ 
55.60，55.76，56.83, 66.90，109.91，110.13，121.56，123.74, 125.87, 126.80, 127.45, 
133.45, 138.62, 147.46，149.44, 150.93, 168.59, 169.27; Anal. Calcd. for CJJHJQO^ : C， 
69.46; H, 5.3. Found: C, 69.28; H，5.6. 
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For (85) ： mp 247-248°C ； M S m/e 379 (M-1); 'H N M R 5 3.69 (s，6H)，3.77 (s, 6H), . 
6.73 (s，2H), 7.22 (s, 4H), 7.89 (s, 2H);丨'C N M R 5 52.31, 56.18, 110.89, 126.01, 
127.70, 128.24，133.21，135.26, 141.28, 151.00, 167.39; Anal. Calcd. for .C^JH^QO^: C , 
69.46; H, 5.3. Found: C，69.16; H, 5.47. 
2. SYNTHETIC STUDIES OF 1,4,5,16-TETRAHYDROXYTETRAPHENYLENE 
F R O M 1 - A M I N O A N T H R A Q U I N O N E 
1-Aminoanthracene (87)^' 
1 -Aminoanthraquinone (86) (20.0 g, 89.7 mmol) was stirred with 10% sodium 
hydroxide (200 mL) and zinc dust (12 g) at room temperature for about 30 min. It was 
slowly heated and the temperature of the reaction mixture was maintained at 85-90°C. 
More zinc dust (20 g) was then introduced into the reaction mixture in two equal 
proportions at an interval of 30 min each, and. heating was continued with constant  
stirring for 24 hours at 90°C. The solid material from the reaction mixture was collected 
and washed several times with water (3x 100 mL). Soxhelet extraction with acetone 
and then recrystallization from ethanol gave 1 -amonoanthracene (87) (13.8 g, 80%) as 
greenish-yellow plates, mp 150-15rC (lit^ '150-153 °C). 
1-Anthracenol (88)^ ^ 
1 -Aminoanthracene (87) (2 g, 10 mmol) was dissolved in ethanol and water (1:1) 
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(40 m L ) and under refluxing for 30 minutes sat. sodium bisulfite (28 mL) was added, • 
and heating was continued with constant stirring for 24 hours. The reaction mixture was 
filtrated while hot, 10% sodium hydroxide (50 mL) was added in several portions and 
heating was continued with constant stirring for 1 hour. The reaction mixture was 
cooled and neutralized with acetic acid (30 mL). The crude product was collected by 
suction filtration and then recrystallization from acetic acid : water/ 1:1 to give 1-
anthracenol (88) (1.2 g，60%) as brown needle-shaped crystals: mp 150-152。C 
150-153°C); M S (C,4H,OO) m/e 194 (M+); 'H N M R (Acetone-^ /) 6 6.946-6.97 (d, J = 
6.9 Hz, IH)，7.31-7.34 (J= 7.2 Hz, 8.4 Hz, IH), 7.44-7.47 (dd, J= 3.3 Hz, 6.6 Hz, IH), 
7.56-7.59 (d,J= 8.7 Hz, IH), 7.98-8.01 (dd, J= 3.6 Hz, 6.3 Hz, IH), 8.10-8.13 (dd,J = 
3.6 Hz，6.3 Hz, IH), 8.41 (s，IH), 8.97 (s, IH), 9.33 (s, IH);丨'C N M R 5 106.28，119.93, 
121.61,125.34,126.08，126.40，128.40，129.12,131.57，132.50,133.65,153.63. 
1-Methoxyanthracene (89) 
To an acetone solution of 1-anthracenol (88) (1.2 g，6.2 mmol) was added 
potassium carbonate (1.7 g)、and the mixture was brought to boiling. Dimethyl sulfate 
(1.17 mL, 12.4 mmol) was added through a dropping funnel. The mixture was kept 
refluxing overnight. The mixture was acidified with 5% hydrochloric acid and the 
acetone removed. The compound was extracted with dichloromethane (3x 300 mL), 
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and was evaporated. Crystallization from a mixture of dichloromethane and ethyl • 
acetate afforded the pure 1 -methoxyanthracene (89) (1.2 g, 95%) as yellow solids: mp 
123-124°C; M S m/e 208 (M+); 'H N M R 5 4.09 (s, 3H)，6.74-6.77 (d, J=7.5 Hz, IH), 
7.40-7.45 (t, J= 7.5 Hz, 8.4 Hz, IH), 7.521-7.55 (m, 2H), 7.64-7.67 (d，J= 8.7 Hz, IH), 
8.03-8.06 (m，IH), 8.12-8.15 (m, IH), 8.43 (s，IH), 8.95 (s, IH); ''C N M R 5 55.39, 
101.53，120.42, 121.01, 124.98, 125.05, 125.22, 125.58, 127.84，128.73, 131.17，131.89， 
132.55,155.38; Anal. Calcd. for C.sHijO : C, 71.64; H, 4.51. Found: C，71.45; H 4.79. 
Dimethyl 9,10-dihydro-9,10-etheno-l-methoxyanthracene-ll,12-dicarboxylate 
(90)47 
A mixture of 1 -methoxyanthracene (89) (10.0 g, 48.0 mmol) and dimethyl 
acetylenedicarboxylate (78) (8.9 g, 63.0 mmol) in toluene (75 mL) was refluxed with 
stirring for five hours. The reaction mixture was cooled with an ice water bath and  
filtered by suction. The cake was washed with absolute ethanol (3x5 mL) and dried at 
room temperature to give the crude product (15.5 g, 92%). Recrystallization from 
absolute ethanol afforded pure dimethyl 9,10-dihydro-9,10-etheno-1 -
methoxyanthracene-11, 12-dicarboxylate (90) (13.5 g, 80%) as white solids: m p 226-
227。C; M S m/e 350 (M+); 'H N M R (Acetone-^ /) 6 3.73 (s，6H), 3.84 (s, 3H), 5.61 (s, 
IH), 5.94 (s, IH), 6.71-6.74 (d, J = 8.4 Hz, IH), 7.00-7.03 (m, 3H), 7.08-7.11 (d, J = 
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12 Hz, IH)，7.42-7.46 (m，2H) ； "C N M R S 46.64，52.72, 53.42，56.29，109.91，117.61, • 
124.69，124.83, 126.17，126.23，127.53，132.40，145.28，145.85，147.50，147.93, 148.74, 
155.73，166.54 166.62; Anal. Calcd. for C21H18O5 : C, 71.99; H, 5.18. Found: C, 71.85; 
H，5.34. 
9,10-dihydro-9,10-etheno-l-methoxyanthracene-ll,12-dicarboxylic (91) 
Dimethyl 9,10-dihydro-9,10-etheno-1 -methoxyanthracene-11,12-dicarboxylate 
(90) (10.0 g, 28.6 mmol) was added to a solution of sodium hydroxide (15.0 g，0.38 
mol) on 40% aqueous methanol (300 mL). The mixture was allowed to reflux with 
stirring for four hours, then cooled to room temperature. The reaction mixture was 
acidified with 36% hydrochloric acid and' filtered with suction filtration. The residue 
was recrystallized from absolute ethanol to give 9,10-dihydro-9,10-etheno-1 -
methoxyanthracene-11,12-dicarboxylie acid,(91).,(8.0 g, 92%) as white.solids, which  
was not purified further and was used immediately in the subsequent step. 
1-Methoxybarrelene (92)^ ' 
A suspension of 9,10-dihy dro-9,10-etheno-1 -methoxyanthracene-11,12-
dicarboxylic (91) (10.0 g, 32.7 mmol) and copper powder (9.4 g, 142 mmol) in 
quinoline (200 mL) was refluxed for 3 hours under nitrogen. After cooling to room 
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temperature, dichloromethane (200 m L ) was added to dilute the mixture, which was • 
then filtered. The filtrate was washed with 10% hydrochloric acid (3x150 mL) and 
dried over magnesium sulfate. After evaporation of the solvent, the residue was column 
chromatographed on silica gel (300 g，hexanes : ethyl acetate/ 9:1) to afford 1-
methoxybarrelene (92) (5.7 g, 75%) m p 209-21TC; M S m/e 234 (M+);丨H N M R 5 3.88 
(s，3H), 5.19-5.21 (dd，J= 2.4 Hz, 4.8 Hz, IH), 5.67-5.70 (dd，J= 2.4 Hz, 5.1 Hz, IH), 
6.61-6.64 (dd,J= 1.5 Hz, 7.8 Hz, IH), 6.97-7.02 (m, 4H), 7.06-7.09 (m, 2H), 7.32-7.36 
(m, 2H); "c N M R 5 44.12，51.37, 55.54, 107.84, 116.08，122.93, 123.06，124.18, 
124.26，125.29，133.63, 139.53，139.82, 146.16, 146.70，148.52, 153.99; Anal. Calcd. 
for C,7H,40: C, 87.15; H，6.02. Found: C, 87.13; H, 6.11. 
1-Methoxydibenzo [a,e\ cyclooctene (93)" 
A solution of l-methoxybarrelene (92) (1.0 g, 4,3 mmol) in degassed anhydrous  
tetrahydrofuran (500 mL) was irradiated with a mercury lamp (125 W medium pressure) 
at room temperature for 10 hours under a nitrogen atmosphere. After evaporation of the 
solvent, chromatography on Silica gel (100 g, hexanes : ethyl acetate/ 3:1) afforded 1-
methoxydibenzo[a,e]cyclooctene (93) (0.8 g, 80%). m p 205-206°C; M S m/e 234 (NT); 
'H N M R (Acetone-if) 5 3.74 (s, 3H), 6.63-6.64 (d, J=4.8 Hz, IH), 6.67 (s, IH), 6.72-
6.76 (m, 2H), 6.73 (s, 2H), 7.04-7.07 (m，2H), 7.11-7.17 (m，3H); "C N M R 5 56.05， 
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109.66，122.16,126.90，127.78,127.88，129.25,130.02，130.10,131.12，133.23,134.03, . 
134.24, 138.16，138.81，139.73，158.61; Anal. Calcd. for C17H14O: C, 87.15; H, 6.02. 
Found: C, 87.15; H, 6.24. 
1-Hydroxydibenzo [a,e\ cy clooctene (95)3° 
A solution of 1 -methoxydibenzo[a, e]cyclooctene (0.49 g, 2.1 mmol) (93) in 
dichloromethane (20 m L ) cooled to -78°C was treated with IM boron tribromide (3 
mL), and stirring was continued for 24 hours. The reaction was quenched at -10。C by 
the addition of ether (3 m L ). The reaction mixture was wanned to room temperature 
and was stirred for an additional 30 minutes followed by addition of water. The reaction • 
mixture was extracted with dichloromethane (3x 20 mL) and was dried. The crude 
product was chromatography on silica gel (100 g, hexanes : ethyl acetate/ 3:1) to afford 
1 -hydroxydibenzo[fl,^ ]cyclooctene (95) (0.36 g, 79%)..mp 190-191°C; US>..m/e 220 . . 
(M+); 'H NMR (Acetone-^0 6 6.56-6.56 (d ’ � /= 6.9 Hz, IH), 6.58-6.74 (m, 4H), 6.98-
7.13 (m, 4H)，7.14-7.16 (m’ 2H), 8.28 (s, IH); "C N M R 5 114.03, 114.13, 121.20， 
125.24, 127.58, 127.63，128.95，129.88,129.91, 130.84, 133.40, 133.82, 134.10,138.06， 
138.63，139.71，156.06; Anal. Calcd. for C.eH.jO: C, 87.25; H, 5.49. Found: C, 87.06; 
H,5.16. 
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Preparation of Jones Reagent �^  • 
The Jones reagent was prepared in 1.0 mol batches by dissolving CrO, (100 g) in 
a minimum amount of distilled water. Sulfuric acid (86.5 mL) was added and more 
water (about 194 mL) was then added to dissolve all CrO】. The final volume of the 
reagent was 336 m L (0.36 M with regard to CrO]). 
1,4-Dioxodibenzo[a,e\cyclooctene (94) 
Method A:65 
To a two-necked, 100 m L flask, fitted with a high-speed mechanical stirrer and 
immersed in an ice bath, was added 1 -methoxydibenzo[a,e]cyclooctene (93) (0.49 g 2.1 
mmol) in acetone (10 m L ). The cooled mixture was stirred vigorously during the 
addition of the Jones reagent (4.6 m L ) over a period of 10 minutes. The temperature of 
the reaction mixture was maintained between 5 -10°C thrQughout the reaction. As the . 
green color 0:2(804)2 began to appear, anhydrous MgS04 (0.84 g, 7 mmol) was added. 
On disappearing of the starting material, an excess of Jones reagent was destroyed by 
adding isopropyl alcohol. The contents of the flask were filtered through a filter paper 
to remove the suspended chromium salts. The filter cake was washed with sufficient 
acetone. The filtrate was evaporated under vacuum and chromatography on silica gel 
(20g, hexanes : ethyl acetate/ 9:1) to afford l，4-dioxodibenzo[a, e]cyclooctene (94) 
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‘ (0.02 g, 5%) m p 150-151°C; M S (CieHioO?) m/e 234 (M+); 'H N M R 5 6.41-6.45 (d,J= . 
12.0 Hz, 2H), 6.69 (s, 2H), 6.89-6.93 (d, J = 11.7 Hz, 2H), 7.05-7.08 (dd,J= 3.3Hz, 5.7 
Hz, 2H), 7.22-7.25 (dd, J = 3.3 Hz, 5.7 Hz, 2H); ''C N M R 5 127.44, 127.58，129.77, 
136.00，136.47，137.66，141.67，186.60. This compound was not purified and was used 
immediately in the next step. 
Method B69 
A solution of 1 -hydroxydibenzo[a,e]cyclooctene (95) (1.83 g, 8.3 mmol) in 
dichloromethane (20 mL) cooled at -5°C was treated with manganese(IV) oxide (0.2 g, 
2.3 mmol) and stirring was continued for 3 hours. The contents of the flask were 
filtered through a thin layer of silica-gel to remove the suspended manganese salts. The 
filter cake was washed with dichloromethane (2x 10 mL). The filtrate was evaporated 
under vacuum and the residue was chromatography, on .silica gel (lOg,. hexanes : ethyl  
acetate/ 9:1) to afford 1,4-dioxodibenzo[a,e]cyclooctene (94) (0.39 g，20%), which was 
identical in all aspects with those of an authentic sample prepared previously (vide 
supra). � 
1,4-Hydroxydibenzo [a,e\ cyclooctene (96)^ ‘ 
To a mixture of acetic acid : water (2:1) solution of 1,4-
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dioxodibenzo[fl,^]cyclooctene (94) (0.5 g, 2.1 mmol) was added zinc powder (0.33 g， . 
5.3 mmol). The reaction mixture was kept stirring and refluxing for 4 hours. The 
reaction mixture was cooled and extracted with dichloromethane (3x 10 mL). After 
evaporation of the solvent, which was not purified further and was used immediately in 
the subsequent step: mp 153-155°C; M S (C.,H,A) ^ ^ 236 (M+); 'H N M R (Acetone-沟 
5 6.57 (s，2H)，6.69-6.71 (dd,J= 1.2 Hz, 6.6 Hz, 4H), 7.02-7.05 (m, 2H), 7.12-7.15 (m, 
2H), 7.72 (s, 2H); ''^C N M R 6 114.98, 125.89，127.34，129.71, 130.83，133.16, 138.46, 
148.82. This compound was not purified further and was used in the subsequent step 
l,4-Dimethoxydibenzo[fl,e]cyclooctene (70) 
Method A:5丨 
Dimethyl 1, 4-dimethoxydibeiizo[a,e]cyclooctene-5, 12-dicarboxylate (85) (5.0 g, 
- 13.1 mmol) was added to a solution of sodium hydroxide (5.0 g, 13.1.mmol) on 40% 
aqueous methanol (150 mL). The mixture was allowed to reflux with stirring for 4 
hours, then was acidified with 36% hydrochloric acid and filtered with suction filtration. 
The residue was recrystallized from absolute ethanol to give 1,4-
dimethoxydibenzo[a,e]cyclooctene-5,12-dicarboxylic acid (4.40 g, 95%) as white 
solids. A suspension of 1,4-dimethoxydibenzo[a, e]cyclooctene-5,12-dicarboxylie acid 
(4.4 g，12.5 mmol) and copper powder (4.4 g, 69.0 mmol) in quinoline (100 m L ) was 
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refluxed for 3 hours under nitrogen. After cooling to room temperature, . 
dichloromethane (200 mL) was added to dilute the mixture, and was then filtered. The 
filtrate was washed with 10% hydrochloric acid (3x100 mL) and dried over magnesium 
sulfate. After evaporation of the solvent, the residue was dried and chromatographed on 
silica gel (200 g, hexanes : ethyl acetate/ 9:1) to afford 1,4-
dimethoxydibenzo[a,e]cyclooctene (70) (2.47 g, 75%). mp 209-210°C; M S m/e 264 
(M+); N M R 6 3.75 (s, 6H)，6.63 (s, 2H), 6.71-6.75 (d,J= 12.0 Hz, 2H), 6.83-6.87 (d, 
J = 12.0 Hz, 2H)，7.13-7.18 (m, 4H);丨 C^ N M R 5 55.95，109.34，126.58, 127.37，128.88, 
129.53,132.70,137.32，151.30; Anal. Calcd. for CigH.A： C，81.79; H, 6.10. Found: C, 
81.76; H，6.19. 
Method B: 
To an acetone solution of hydroquinone (96) (0.46 g, 1.95 mmol) was added -
potassium carbonate (0.5 g) and the mixture was brought to boiling. Dimethyl sulfate 
(0.28 mL, 3.0 mmol) was added through a syringe. The mixture was kept reflux for 4 
hours. The mixture was acidified and the acetone was removed. The compound was 
extracted with dichloromethane (2x 20 mL). After evaporation of the solvent, the 
residue was dried and separated by column chromatography on silica gel (20 g, 
hexanes : ethyl acetate/ 9:1) to afford 70 (0.49 g, 95%), which was identical in all 
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aspects with those of an authentic sample prepared previously {vide supra). • 
3. SYNTHETIC STUDIES OF 1,4,5,16-TETRAHYDROXYTETRAPHENYLENE 
F R O M 1,8-DIMETHOXY-ANTHRAQUrNONE 
1,8-Dimethoxyanthraquinone (100) 
To an acetone solution of 1，8-dihydroxyanthraquinone (99) (20.0 g，83 mmol) 
was added potassium carbonate (15 g) and the mixture was brought to boiling. 
Dimethyl sulfate (23 mL, 0.25 mol) was added through a dropping funnel. The mixture 
was kept refluxing overnight. The mixture was acidified and the acetone removed. The 
compound was extracted with dichloromethane (3x 200 mL), which was evaporated. 
Crystallization from a mixture of dichloromethane and ethyl acetate afforded pure 1,8-
dimethoxyanthraquinone (100) (21.Ig, 95%) as yellow solids: mp 223°C (liP 223-
235°C); M S (CisHijCg m/e 268 (M+); 'H N M R 5.3..98^ (s，6H),.7,28:7,29 (d,J= 7.8 H z ,…. . . 
2H), 7.57-7.60 (d, J = 7.5 Hz, IH), 7.63-7.60 (d, J = 7.8 Hz, IH), 7.78-7.81 (d, J = 7.5 
Hz, IH), 7.78-7.81 (d, J = 7.8 Hz, IH); ''C N M R 5 56.45，117.98, 118.81, 123.95, 
133.79，134.67，159.36，182.78，183.93. 
1,8-Dimethoxyanthracene (101)^' 
To a 10% sodium hydroxide solution (200 mL) of 1,8-dimethoxyanthraquinone 
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(100) (20.0 g, 74.6 mmol) was added zinc powder (15.0 g, 23.0 mmol) and the mixture . 
was stirred and heated gentlely. Ethanol (5 mL) was added to prevent foaming. The 
mixture was heated for 24 hours. The reaction mixture was filtered and the residue was 
washed with dichloromethane (3x 200 mL). The organic extracts were combined and 
evaporated. The residue was chromatographed on silica gel (1000 g, hexanes : ethyl 
acetate/ 9:1) to give 1,8-dimethoxyanthracene (101) (14.2 g, 80%). m p 198°C (lit'' 199-
200°C); M S (C.^H.A) m/e 238 (M+); 'H N M R 5 4.09 (s, 6H), 6.72-6.75 (d，J= 9.0 Hz, 
2H), 7.35-7.41 (d, J=7.5 Hz, IH)，7.38-7.41 (d, J = 8.4 Hz, IH)，7.56-7.59 (d, J = 8.4 
Hz, 2H), 8.32 (s, IH), 9.25 (s，IH); ''C N M R 5 55.46，101.52, 115.69，120.17, 124.43, 
125.10，125.60, 132.80，155.92. 
Dimethyl 9,10-dihydro-9,10-etheno-l,8-dimethoxyanthracene-ll,12-dicarboxylate 
、A mixture of 1,8-dimethoxyanthracene (101) (10.0 g，42.0 mmol) and dimethyl 
acetylenedicarboxylate (78) (8.9 g, 63.0 mmol) in toluene (75 mL) was refluxed with 
stirring for five hours. The -reaction mixture was cooled with an ice water bath and 
filtered by suction. The cake was washed with absolute ethanol (3x5 mL) and dried at 
room temperature to give the crude product (13.9 g, 87%). Recrystallization from 
absolute ethanol afforded pure dimethyl 9,10-dihy dro-9,10-etheno-1,8-
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dimethoxyanthracene-11,12-dicarboxylate (102) (12.8 g，80%) as white solids: mp 263- . 
265。C (lit'' 263-264°C); M S (C22H20O4) m/e 379 (M-1). 
9,10-dihydro-9,10-etheno-l,8-dimethoxyanthracene-ll,12-dicarboxylic acid (103) 
Dimethyl 9，10-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-dicarboxylate 
(102) (10.0 g, 26.3 mmol) was added to a solution of sodium hydroxide (15.0 g，0.38 
mol) in 40% aqueous methanol (300 mL). The mixture was allowed to reflux with 
stirring for four hours, then cooled to room temperature. The reaction mixture was 
acidified with 36% hydrochloric acid and filtered with suction filtration. The residue 
was recrystallized from absolute ethanol to give 9,10-dihydro-9,10-etheno-1,8-
dimethoxyanthracene- 11,12-dicarboxylic (103) (8.1 g，92%) as white solids, which was 
not purified further and was used in the subsequent step. 
1,8-Dimethoxybarrelene (98) 
A suspension of 9,10-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-
dicarboxylic (103) (10.0 g，、29.8 mmol) and copper powder (9.4 g, 142.0 mmol) in 
quinoline (300 mL) was refluxed for 3 hours under nitrogen. After cooling to room 
temperature, dichloromethane (200 mL) was added to dilute the mixture, which was 
then filtered. The filtrate was washed with 10% hydrochloric acid (3x150 mL) and 
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dried over magnesium sulfate. After evaporation of the solvent, the residue was column . 
chromatographed on silica gel (500 g, hexanes : ethyl acetate/ 4:1) to afford 1,8-
dimethoxybarrelene (98) (5.9 g, 75%) m p 210-211°C 211-212°C; M S (C.gH.A) 
m/e 264 (M+); 'H N M R 5 3.85 (s，6H), 5.14-5.17 (dd, J = 1.8 Hz, 5.4 Hz, IH), 6.08-
6.09 (dd,J= 1.8 Hz, 3.9 Hz, IH), 6.56-6.59 (d,J= 8.1 Hz, H), 6.57-6.59 (d, 8.1Hz， 
IH), 6.88-7.04 (m，6H); '^ C N M R 5 37.41, 51.57, 55.85, 108.22, 116.13’ 125.10, 
133.81, 139.70, 140.27, 149.11,154.03. 
1,8-Diraethoxydibenzo [fl，它]cyclooctene (61) 
A solution of 1,8-dimethoxybarrelene (98) (1.0 g，3.79 mmol) in degassed 
anhydrous tetrahydrofuran (500 mL) was irradiated with a mercury lamp (125 W 
medium pressure) at room temperature for 10 hours under a nitrogen atmosphere. After 
evaporation of the solvent, chromatography on silica gel (100 g, hexanes : ethyl acetate/ . 
3:1) afforded 1,8-dimethoxydibenzo[a,e]cyclooctene (61) (0.95 g, 95%) m p 207-
208。C; M S m/e 264 (M+); 'H N M R 5 3.78 (s, 6H)，6.65-6.70 (dd, J = 7.5 Hz, 7.8 Hz, 
4H), 6.73-6.74 (d, J=2.7 他，4H), 7.11-7.16 (dd, J= 8.1 Hz, 7.8 Hz, 2H);丨'C N M R 6 
55. 52’ 108.53, 121.05, 126.51，127.80，129.22, 132.95, 138.50’ 157.32; Anal. Calcd. 
for CigHifiOj： C，81.79; H，6.10. Found: C, 82.01; H, 5.89. 
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5,6-Dibromo-5,6-dihydro-l,10-dimethoxydibenzo[fl,e]cyclooctene (104); 2,3-
Dibromo-2,3-dihydro-l,4-dimethoxy dibenzo [a,e] cyclooctene (105广 
To a solution of 1,8-dimethoxydibenzo[fl,e]cyclooctene (61) (1.0 g，3.79 mmol) in 
anhydrous carbon tetrachloride (150 mL) was added drop wise a solution of bromine 
(0.61 g，3.79 mmol) in anhydrous carbon tetrachloride (20 mL) at 0。C under nitrogen. 
After addition, the mixture was stirred at the same temperature for an additional thirty 
minutes. The reaction was quenched by addition of 10% sodium thiosulfate (NajSjOs) 
solution (3 mL), and the mixture was stirred at 0°C for ten minutes and the layers was 
separated. The aqueous layer was extracted with dichloromethane (2x10 mL) and dried 
over magnesium sulfate. The solvent was removed to give 5,6-dibromo-5,6-dihydro-
1,10-dimethoxydibenzo[<3, e]cyclooctene (104); 2,3-dibromo-2,3-dihydro-l,4-
dimethoxydibenzo[a,e]cyclooctene (105). m p 200-202°C; M S (C22H丨sO;) m/e 424 (M+). 
These compounds were not purified further and were used immediately in the next step.. 
l,4-Endoxo-l,4-dihydro-8,ll-dimethoxytribenzo[fl,c,e]cyclooctene (109); 1,4-
Endoxo-l,4-dihydro-5,14-dimethoxytribenzo[fl,c,e]cyclooctene (63); 5-teft- butoxy-
l,10-dimethoxy(libenzoc[fl,c]cyclooctene (108)^' 
To a solution of 5,6-dibromo-5,6-dihydro-l,10-dimethoxy dibenzo [a, e] cyclooctene 
(104); 23-dibromo-2,3-dihydro-l,4-dimethoxydibenzo[(3,e]cyclooctene (105) (1.0 g, 
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2.36 mmol) in anhydrous tetrahydrofuran (100 mL) was added freshly sublimed 
potassium /er/-butoxide (0.79 g, 7.08 mmol). After being stirred for two minutes, sat. 
sodium chloride solution (10 mL) was added, the mixture was stirred for thirty minutes 
and separated. Freshly distilled furan (30 mL) was added and the mixture was stirred at 
the same temperature for 48h, then evaporated under reduced pressure below 35。C. The 
residue was separated by flash column chromatography on silica gel (50 g, hexanes : 
ethyl acetate/ 3:1) to give 1,4-endoxo-1,4-dihydro-8,11 -
dimethoxytribenzo[fl[,c,e]cyclooctene (109) (0.23 g, 30%); 1,4-endoxo-1,4-dihydro-
5,14-dimethoxytribenzo[a,c,e]cyclooctene (63) (0.05 g, 6%), 5-tert-buioxy-\,\0-
dimethoxydibenzoc[6jf,c]cyclooctene (108) (0.16 g, 20%). 
For (109): mp 150-151°C; M S m/e 330 (M')； 'H N M R 6 3.72 (s, 6H), 5.44 (s, 2H), 
5.59-6.61 (d, J = 8.1 Hz, 2H), 6.64 (s, 2H), 6.69-6.72 (d,./= 7.8 Hz, 2H), 7.10-7.20 (m, 
2H), 7.21 (s, 2H); '-'C N M R 6 55.03, 87.24, 108.71, 121.82, 124.01, 128.11, 133.26, 
138.44, 142.40, 152.32, 157.86. 
F o r (63): m p 145-146。C; M S m/e 330 (M'); 'H N M R 5 3.85 (s, 6 H ) , 5.74 (s, 2 H ) , 6.42 
(s, 2H), 6.65-6.73 (m, 4H), 7.14-7.21 (m, 4H); ''C N M R 5 55.48, 85.98, 109.02, 121.39, 
122.95, 128.65, 132.44, 138.42, 145.33，151.58, 157.94; H R M S Calcd. for C.^y^.fi, 
330.1256.: Found: 330.1253. 
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For (108): mp 198-199°C; M S m/e 336 (NT); 'H N M R 5 1.20 (s, 9H), 3.77 (s, 6H), 
6.37 (s, IH), 6.61-6.86 (m, 5H), 6.98-7.00 (d, J =7.8 Hz, IH), 7.07-7.16 (m, 2H); "C 
N M R 5 29.15, 55.54, 78.38，108.12, 109.26, 120.16, 121.77, 126.07, 126.62, 127.58, 
127.84. 128.86, 130.25, 137.62, 140.02, 151.80, 156.67，157.26. 
1 -Hydroxy-5,14-dimethoxy tribenzo [a,c,e] cy clooctene (64)^ ^ 
To a solution of 1,4-endoxo-1,4-dihy clro-5,14-
dimethoxytribenzo[^ i, c, t?]cyclooctene (63) (0.1 g, 0.3 mmol) in anhydrous 
tetrahydrofuran (10 mL) was added 1.6 M butyllithium (0.5 mL) in hexane. The 
mixture was stirred at -78。C for 24 hours. The reaction mixture was quenched by 
addition of water (3 mL), and the mixture was stirred at 0。C for ten minutes, and was 
then separated. The solvent was removed and the residue was separated by flash 
column chromatography on silica gel (10 g, dichloromethane : hexanes/ 4:1) to give 1-
hydroxy-5，14-dimethoxytribenzo[",c'，e]cyclooctene (64) (80 mg, 80%) mp 189-190°C; 
M S m/e 330 (M'); 'H N M R 6 2.17 (s, IH), 3.66 (s, 3H), 3.73 (s, 3H), 6.76 (s, 2H), 
6.77-6.84 (m, 3H), 6.84-6.97 (d, J=8.1 Hz, IH), 6.84-6.97 (d, ./= 8.1 Hz, IH), 7.14-
7.24 (m, 4H); '-^C N M R 6 56.14, 56.44, 110.58, 110.63, 114.19, 119.81, 121.17, 123.21, 
123.77, 124.74, 127.58, 127.94, 128.79, 130.33, 132.02, 132.97, 138.82, 139.44, 140.78, 
152.52, 156.48, 156.78; H R M S Calcd. for C.sH.gO, 330.1256.: Found: 330.1267. 
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l,4-Dioxo-5,14-dimethoxytribenzo[fl,c,^]cyclooctene (110)" 
Fremy's salf^  was dissolved in 0.2 M sodium phosphate buffer (pH 6) to give a 0.3M 
solution. This was then added to a 0.1 M solution of the l-hydroxy-5,14-
dimethoxytribenzo[fl,c,g]cyclooctene (64) (0.19 g, 0.57 mmol) in tetrahydrofuran (10 
mL). The resulting two-phase mixture was then vigorously stirred until the starting 
material disappeared (TLC). The organic phase was separated and the aqueous solution 
was extracted at last three times with dichloromethane (2x 10 mL). The combined 
extracts were dried over anhydrous magnesium sulfate. Removal of the solvent under 
reduced pressure gave a residue which was used in the subsequent step without further 
purification. 
l,4-Dihy(lroxy-5,14-dimethoxybenzo[fl,c,^]cyclooctene (111)^ ' 
To an acetic acid : water (2:1) solution of l,4-dioxo-5,14-
‘......… dimethox3^ribenzo[a,c,e]cyclooctene (110) (0.18 g, 0.52 mmol) was added zinc powder  
(0.35 g, 5.3 mmol). The reaction mixture was kept stirring and refluxing for 4 hours. 
The reaction mixture was cooled and extracted with dichloromethane (2x 10 mL). The 
crude product after evaporation was used directly without any purification in the 
subsequent step. 
l,4,5,14-Tetramethoxytribenzo[fl,c,e]cyclooctene (65) 
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To an acetone solution of hydroquinone (111) (0.17 g, 0.49 mmol) was added . 
potassium carbonate (0.5 g) and the mixture was brought to boiling. Dimethyl sulfate 
(0.28 mL, 3.0 mmol) was added through a syringe. The mixture was kept refluxing for 
4 hours. The mixture was acidified and the acetone removed. The compound was 
extracted with dichloromethane (2x 20 mL). The solvent was removed and the residue 
was separated by flash column chromatography on silica gel (10 g, dichloromethane : 
hexanes (4:1) to give pure 1,2,5,6-tetramethoxy tribenzo[a,c,e]cyclooctene (65) [0. 11 
g, 50% (overall yield from 64 to 65)] m p 223-224°C; M S m/e 374 (MO； 'H N M R 6 
3.66 (s，6H), 3.69 (s，6H), 6.68-6.76 (m, 6H), 6.89 (s, 2H), 7.11-7.16 (dd, J 二 7.8 Hz, 
8.1 Hz, 2H); 13c N M R 5 56.27,109.84，110.26,119.85，126.25,127.62, 128.89,132.50, 
138.89, 150.75，157.65; Anal. Calcd. for C24H22O4： C, 76.99 H, 5.92. Found: C, 76.82; 
H，6.03. 
. • . 一 . . . - . . . . • • ^ . . . . . . • • • • ' ' • • • … . 
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I Pwj>wa rqoc , ro 35328 
M e O OMe； 厂 
J L SMH 22fl73.ra WT 
( ) ( ) ' W 1.4^1188 s»c 
I v y i « 劣 o « 
、 / . . . . . . . . on 22 .00 
ce a.oo uatc 
/ ^ \ rc 300.0 < 
0 1 t.oooooooo n c 
\ / a " 0.03000000 SVC 
M — • 
1 0 9 HUCl i3C 
Pi T.oo ua»e PU -«.o<r oa sFot n.<743tn 
' O i A M r < L t2 — — 
、 ... — • — — CP0PP62 »«lt:l， 
.、 — ‘ . . MUC2 
f»CPOT 100.00 uatc 
120.00 38 
Pua" I ^ .oaoa 
SF02 300.1313007 
F2 • PRTJCEMIN? UARS^TBRJ . SI aS53S 
； “ ^ 4^ 77941 柳 
- . .• • • — 釋 E M • • ‘ ssa ® 
ta 3.00 Hi 
G8 0 
PC i.-'O 
j j 10 NM Olot aar，《«tsr3 1 at 23.00 c» 
(TIP 2 2 0 . 0 0 0 30痛 
p\ LEAAZ.GI M 
-!0.00» ooa 
_ J _ _ S2 -714 .58 HI 
、 _ •__•_• • •• ..^J-i^ • • - � • ,• ' ' " 一 f>OHCH to ooooo 3 0 •” 
HZCM 7 1 ( 5 7 7 8 7 MI/CN 
I I ' I ~ ‘ ~ - . - ‘ •� ‘ I I I I ' ' I I ‘ • I • • • I 1 , . - I I I Qom 200 180 ISO 140 120 100 30 SO 40 20 0- '''-
. no 
丨： 
= S 3 '5 3 “；' ^ 3 3 ^ :n ~ ^ S Curr,nt 1 «， 
I 〜〜 I�.0 了、 力 .00； 
〜 〜 • _ £ ) 'o a o n ^ ^yiP^ , / - ' 
^ F F PA - ICAUISITION O,R，_T?R， 
oats- aooiosis Mme 22 23 
IMSTRUM 101300 
扣08H0 5 TW :U«L 13 
/ \ I ?UL?O0G 
M e O f ^ O M e — , ？ 
/ OS 。 
YV^Tl 3W 3992.906 ^Z 
( ) ( j MOWS 0 2 7 “ 3 9 HZ 
IO � 33!9508SEC / 叩 54 
OM 55 500 jsec d ！:H 5 00 jsec 
o j re 300 0 < 
3t ！ OOOOOOOO sec ； M … … ’ fUCl IH 
PI 4 50 jsec 
P U -3 00 :8 
5F01 :00.1312000 
n - PROCESSING SAR3MECSRI 
丨 i SI 3?75B 
I • 丨 SF 300 1300046 剩I 
, tHW EM ‘ 
！ SS3 0 
ua 0.30 HZ 
i GB 0 
1 11 PC 1 00 t 
• fl 10 NMP slot OATSMeters 
H a 23.00 CI 
I |1 I FIP 10.000 oom 1 
. I \ Fl 3001.30 Ht 
—V )l i\ ^ L. Pap -0.500 3o« 
II IT 11 F2 -150 07 HI 
\ \ \ PMCM 0.45632 M_/c，, i - in g /g] |o] HZCH 137 01587 Hz/c« 
I 5 § § s i 
- 丨 1 二 二 toi 
I 1 [ I I 1 I I ~ • • • ' 1 • • I 1 • • • • 
a Q m g 3 7 5 5 4 3 2 l 0 
A Current Oata P w w t e r s 
MAHe «noaj:i3 
KXPNO I 
o at ^  m -vorntM � lo m co PWOCNO 1 _ "«r m oj - ^ r m m o i CM R^  OJ oi P^ GO 
s a» m m lo ai m o o i ， o » m ^ I § RV； 二 二 OI IRI « ^ “ " *CAUI，ITION P^^ter, 
2 2 ^ c n m n j f M f M o oo rs r^ r>. tn Oat 雪- 20010318 
I j 、 乂 INSTPUH �3 0 0 
]I Y PnoSHO 9 m Ouil 13 
PULPPOa Z91IC 
TO 65536 
I V SOLVHMT C0C13 
M e O ( - 0 7 O M e « 
1 \ / I SNH. 22575.738 HI 
J . J L FIORES 0.346004 H| 
Z"^^：^：：^ ；—^ AO t.4431188 sec { \ f ] K 37«.6 
{ J V y OM 22.050 ustc ？I 3=，" 
Qt 1.00000000 see 
dl t 0.03000000，tC 
CHAMNCU FT • • • • • • 
NUCl I X 
PI 3.00 U9CC 
PLl -6.00 <30 
SF01 73.4743111 
�� CHANNEL FA — — 
、 - ... CP0PWG2 w«Uzl6 
MUC2 IM 
PCTO2 too. 00 us»c 
R.2 120.00 dB 
R.13 19 .00 08 
^ SF02 300.1315007 MHz 
F2 - Processing oara»et8rs 
SI 55538 
SF 73.4877638 MHz 
WOW ew 
ssa 0 
LFL 3.00 HZ 
G8 0 
PC 
10 _ olot (wrameter， 
. CX 23.00 C_ 
M P 220.000 00* f\ 16602 91 Hi 
F2P -10 000 POM 
I ‘ II T „1- , I -I n.. kMil IM I J J „ . ^ . 1 丁 • 1 - - y . . . P? • 7 5 ( 5 8 HJ 
PPMCM 10 00000 P0»/C.1I HZCM 754 57787 Hi/c» 
. I I i I .-iT-yr r r . I .... I I ....... . -I I • • i • | ' ' 
。“* 200 180 160 H O 120 100 30 60 40 20 0 
k " 1 
I 
i 
‘ = 3 ^  ；^ S 5 ；： 5 '7； ^  3 ？ .s S 5 ^  5 〜r-nt lat, 
R\J — — 一 — 。 O O . U、、 - > 0 03 、 —. S^AM^  -,69 
^ � � � R « » 、 、 、 、 （ O ' O L O ' _ 0 T 0 � 0 ' 0 5_0L0 '0 ^ — X^P^ LO » I : ； 
‘^ 'I r t - Acauisition Pinm-t-p-j 
3ate_ e00i04?S 
MINE 3.2* X, ^  INSTRUM ；10X200 M e U QjV/fp =«C8H0 3 M Dual 13 
I I 叉。 ？1 
人 TO 32758 y O o r ， 
\ S州 3992 306 HF FfOPES 0 374439 \ xQ 1.9219508 sec 二 G 181 
1 A O QM 55 500 usee ""A 5 DO usee / \ 300.1 < 
\ gi 1.00000000 sec 
CHANNCL FT…… 似1 IH 
PI 4 50 js«c 
P U -3 '50 38 
SFOl 300.1312000 mhz 
, F2 - Pnjcssaing o » r _ t e r 5 
51 32768 
SF 300.1300052 
MOM EH 5 
ssa 0 
L8 0.30 HZ 
G8 0 
‘ PC 1.00 
10 wf l olot 0*r3»f ter i 
CX 23.00 zm 
j|, FlP 10.000 tJO_ j 
I I I, 3001.30 HZ ‘  
* Itt^^ J ； Iv Jv P2P -0.300 oom 
I W \ \ / \ j \ PPHCM 0 .45652。。fi/c:i — f- V oilfoil U\ o ^^ZCX 137 01587 Hi/ca Z — — u3 o tn ® o 
9 <M 00 n ， p^ in o 
2 _ 叫 CT o <jy o o 
‘ CM o I 一 m o 03 at 
I l-r-T-T-r rr-r-^ ' I I ' • ' ' • ' I I ' ••‘ 
咖 9 3 7 5 5 4 3 2 1 0 
Currtnt Oata Para«eteri 
Hki^ r3fi9ct3 
EXPNO I 
i Q ^ — o o v o t o r u o i co ， PWOCNO 1 _ I N R S O N J R X J - V I O F N P ^ ^ ^ R - ^ F ^ M T O F U CM o O 
S r^.ui o r^ ' r� r^ ^ tri » Acouisttlon P»r��«t»r� 
’ M I O M ^ F N T N A I A J C U O I . C M O J C M O O n r^ 卜 r^ M 而 如嘛 JOOIO^^S 
I v r 爛 脚 - • I I i i - ， 』 
PULPBOG � dC 
TO 59338 
SOLVENT C0C13 
M e O O M e … 
I I S)#H 22B71.738 HZ 
/ \ FIOR€S 0.3-6004 HT 
‘ o o … 二 ，.：” 
w 22.050 usee 
\ / 06 5.00 uaee 
\ TE 300.0 H 
\ 01 1.00000000 sec 
I O dlt 0.03000000 sec 
108 7\ 1 chamhfx M  
/ \ NUCI I X 
！ Pi 3.00 usee i PU •6.00 as 
SFOl 73.4743111 MHJ 
CHAMN61 F2 — — • I CPOPncz waU2lS HUC2 m 
PCP02 100.00 usee 
PLa 120 00 (38 
P U 2 19.00 08 
3f02 300.1315007 MM? 
F2 • Processing oara^ttera 
i SI 55536 
5F 75.4677903 MM? MON €H 
S58 0 
LB 3.00 HI 
Ga 0 
F>C I 40 
to MMfi Olot aaranteteri 
CX 23.00 cm 
FlP 220.000 ao" 
F! �6602 90 Hz 
^ F2P -lO.OCO 009 
：一 , HZCH 巧‘ 57749 Hi/cm 
‘ � I ‘ • ‘ • I I ' ' ' • ' ' ‘―' I ' ' ' I ‘ F • • … ~ I I ‘ ‘ • I • … , 
200 180 150 MO 120 100 30 50 40 20 0 
^ 112 
a � — CTiJimcoao���-» . � 似， OMj 
r • 
D I l i ‘ ^^ - *cni j l5u.on P3r,m,?ter5 。办t®- 20011110 
13 00 
I 的 TPUM d o o o o 
^ ^ OMe 
M e O 〈 C 3 } O H 請 'ocn ； 
^ SWH 8992.806 Hr 
f \ ( \ MORES 0 274439 HR 
\ J \ J 40 1.8319508 sec ‘ 
Xzzz：/ OH 55.500 usee 
0€ 5.00 usee 
54 300 0 K 
01 I 00000000 sec 
. . . . . . . . . . . . C H A N N C L M 
W X I IH ?\ 4.50 usee T 
PU - 2 . 0 0 DB ‘ 
STOt 300.1312000 MHZ 
- Processing oarameters 
SI 32768 
SF 300.1300057 MMi 
1 WOW £M 
I ssa 0 
L8 0.30 HZ 
GB 0 
PC 1.00 
to NMfl oloc paraoeters 
CX 23.00 cm 
I I I FIP 10.000 OP" 
3001.30 Ht 
^ l l U L J U ^ A J ^ A F2P -0.500 po« 
1 丨 H -»50 .07 HZ 
y / k / \ \ - PPMCH 0.45652。0_/c« 
- H \ ( \ { \ H2CM 137.01587 Hz/c« 
I l i i i i i 1 •S r" - ^ cvi “ 丨 一 
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Current Data Parameters 
NAM€ 0Hj)cl3 
expNO 1 
s ！ S S o S ‘ I � ” >n、，》cn�r^ 〜 ⑦ 一 ： 二 : 二二二 ‘ - Fj- Acu.s.t.on Parameter, 
U 1：： P： P： fS S S 0 . t e . 20011110 
Y V E 二 ? i 
I ro 65536 i �A 1 丨 savem cocu f p ^ 〇Me i « 3021 
Me O (V Ja O H ； SWH 22675.736 Hj I VwX/ I P【OP€S 0.3-46004 Hi 
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P U -6.00 08 
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SF 75.4677506 HHI 
I KOH EM 
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IB 3.00 Hi Ga 0 
PC 1.40 ( 
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SFOI 300 1312000 ^ t 
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WCW EM 
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• PC 1.00 
I 1 1 I 10 關 olot OATSMtter^  
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II I Jl Pt 300* 30 HZ  
^ ^ ^ ^ ^ J ^ f2P -0.500 
III) I I F? -150 07 
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: 5 8 ... 7 . ..^  ^ i 3 ^ 丨. 
Current 0«ta P»rai»eter» tttr»j:t3 
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2 2 二 2 〜 、 1 0 o a u . 20010701 
W / V 1 I f I PWOBHO 5 M dull ！3 PULPnOQ zgdC 
M e O f ^ O M e ；Ur 
M e O ^ O ) — O M e » ， 
y-^ —y SMH OT73.738 HI 
y \ J . F ioncs 0.346004 HZ 
ry^S^ AO 1.4491188 3K 
( ) ( ) « 11383. a 
LVy^ V y ON 22.090 ustc 
re s.oo iis*c 
TH 300.0 < 
01 t.00000000 see 
5 5 川 0.03000000 Stc 
I CHANNEL M 
NUCl I X 
PI 3.00 uatc 
PLI -6.00 dfl 
SFOI 73. 47巧丨 1 丨 MHZ 
CHAFMEL f2  
[ CPOPflCa wa)Ctl5 
NUC2 IH 
P C T O 100.00 usee 
R.2 120.00 ！38 
P U 2 19.00 <38 
SFoa 300 1313007 MHr 
F2 - Processing tjaraaeters 
SI 55538 
SF 73.4677503 m z 
>#0* EM 
SSB 0 
la 3.00 »z 
68 0 
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10 _ olot oaraweters 
CX 23.00 c» 
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F! 16602 90 Ht 〜 I I I I / I F2P -10.000 aom 
PPHCM 10 00000 ODM/CM 
I , • I I I , , , . , H^CM 57749 H " c , 
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T a b l e 1. C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for R 1 4 4 2 . 
I d e n t i f i c a t i o n c o d e cc 
E m p i r i c a l f o r m u l a C22 H20 06 
F o r m u l a w e i g h t 3 8 0 . 3 8 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0 . 7 1 0 7 3 A 
C r y s t a l s y s t e m , s p a c e g r o u p M o n o c l i n i c , Cc 
U n i t c e l l d i m e n s i o n s a = 1 6 . 4 0 8 ( 3 ) A a l p h a = 90 d e g . 
b = 9 . 1 7 2 2 ( 1 8 ) A b e t a = 1 0 6 . 2 6 ( 3 ) d 
c = 1 2 . 7 1 5 ( 3 ) A g a m m a = 90 d e g . 
V o l u m e 1 8 3 7 . 0 ( 6 ) A " 3 
Z, C a l c u l a t e d d e n s i t y 4, 1 . 3 7 5 M g / m " 3 
A b s o r p t i o n c o e f f i c i e n t 0.100 m m ^ - 1 
F ( 0 0 0 ) 800 
C r y s t a l s i z e 0.60 x 0.24 x 0.22 m m 
T h e t a r a n g e for d a t a c o l l e c t i o n 2.57 to 2 5 . 5 0 d e g . 
L i m i t i n g i n d i c e s 0 < = h < = 1 9 , - l l < = k < = l l , - 1 4 < = 1 < = 1 4 
R e f l e c t i o n s c o l l e c t e d / u n i q u e 2 7 6 1 / 1618 [R(int) = 0 . 1 0 3 3 ] 
C o m p l e t e n e s s t o t h e t a = 25.50 92.7 % 
A b s o r p t i o n c o r r e c t i o n E m p i r i c a l 
M a x . a n d m i n . t r a n s m i s s i o n 1 . 3 1 9 a n d 0 . 8 1 6 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n 
D a t a / r e s t r a i n t s / p a r a m e t e r s 1618 / 2 / 254 
G o o d n e s s - o f - f i t o n 1 . 0 6 1 
F i n a l R i n d i c e s [ 工 > 2 s i g m a ( I ) ] R 1 = 0 . 0 8 8 2 , w R 2 = 0 . 2 1 0 6 
R i n d i c e s (all d a t a ) R 1 = 0 . 0 9 0 0 , w R 2 = 0 . 2 1 4 6 
A b s o l u t e s t r u c t u r e p a r a m e t e r 0(2) 
E x t i n c t i o n c o e f f i c i e n t 0 . 0 7 2 ( 1 0 ) 
L a r g e s t d i f f . p e a k a n d h o l e 0 . 4 0 1 a n d - 0 . 4 0 5 e . A ^ - 3 
• 116 
T a b l e 2. A t o m i c c o o r d i n a t e s ( x 10^4) a n d e q u i v a l e n t i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A"2 X 10"3) for R 1 4 4 2 . 
U ( e q ) is d e f i n e d as one t h i r d of the trace of the o r t h o g o n a l i z e d 
Uij t e n s o r . 
X y z U ( e q ) 
0 ( 1 ) 7 3 0 6 ( 3 ) 2 8 0 0 ( 5 ) 3 6 5 2 ( 4 ) 7 0 ( 1 ) 
0 ( 2 ) 3 9 2 6 ( 2 ) 1 0 2 7 ( 5 ) 2 4 6 9 ( 4 ) 6 4 ( 1 ) 
0 ( 3 ) 8 2 4 9 ( 3 ) 1 3 3 ( 5 ) 5 4 6 6 ( 4 ) 7 0 ( 1 ) 
0 ( 4 ) 7 6 8 8 ( 2 ) - 3 2 8 ( 5 ) 3 6 8 4 ( 4 ) 6 9 ( 1 ) 
0 ( 5 ) 7 1 1 4 ( 3 ) - 2 8 6 0 ( 5 ) 5 1 8 7 ( 6 ) 8 9 ( 2 ) 
0 ( 6 ) 5 7 1 5 ( 3 ) - 3 3 2 7 ( 4 ) 4 7 1 0 ( 3 ) 6 1 ( 1 ) 
C ( L ) 6 2 0 8 ( 3 ) 1 2 4 7 ( 6 ) 3 7 9 0 ( 4 ) 5 1 ( 1 ) 
C ( 2 ) 6 4 6 2 ( 3 ) 2 4 0 2 ( 6 ) 3 2 6 6 ( 4 ) 5 2 ( 1 ) 
C ( 3 ) 5 8 6 3 ( 4 ) 3 0 4 2 ( 6 ) 2 4 0 4 ( 5 ) 5 7 ( 1 ) 
C ( 4 ) 5 0 0 9 ( 4 ) 2 6 1 7 ( 6 ) 2 1 1 2 ( 5 ) 5 5 ( 1 ) 
C ( 5 ) 4 7 5 2 ( 3 ) 1 5 0 0 ( 6 ) 2 6 6 8 ( 5 ) 5 3 ( 1 ) 
C ( 6 ) 5 3 5 9 ( 3 ) 8 1 9 ( 5 ) 3 5 1 5 ( 4 ) 4 9 ( 1 ) 
C ( 7 ) 5 2 3 2 ( 3 ) - 2 9 5 ( 6 ) 4 3 3 1 ( 5 ) 5 2 ( 1 ) 
C ( 8 ) 5 0 7 2 ( 3 ) 6 3 8 ( 6 ) 5 2 5 8 ( 4 ) 5 3 ( 1 ) 
C ( 9 ) 4 3 2 1 ( 4 ) 1 2 6 4 ( 7 ) 5 3 2 5 ( 6 ) 6 4 ( 2 ) 
C ( 1 0 ) 4 3 3 9 ( 4 ) 2 1 9 1 ( 8 ) 6 1 7 6 ( 6 ) 6 9 ( 2 ) 
C ( L L ) 5 1 1 0 ( 5 ) 2 5 4 3 ( 8 ) 6 9 4 2 ( 6 ) 7 4 ( 2 ) 
C ( 1 2 ) 5 8 6 3 ( 4 ) 1 9 3 3 ( 7 ) 6 8 6 2 ( 5 ) 6 4 ( 1 ) 
C ( 1 3 ) 5 8 3 7 ( 4 ) 9 8 3 ( 6 ) 6 0 2 1 ( 5 ) 5 5 ( 1 ) 
C ( 1 4 ) 6 5 5 2 ( 3 ) 1 6 9 ( 6 ) 5 7 7 7 ( 4 ) 5 3 ( 1 ) 
C ( 1 5 ) 6 7 3 5 ( 3 ) 3 1 0 ( 6 ) 4 6 7 2 ( 5 ) 5 2 ( 1 ) 
C ( 1 6 ) 6 1 4 8 ( 3 ) - 8 9 9 ( 6 ) 4 8 4 9 ( 4 ) 5 0 ( 1 ) 
C ( 1 7 ) 7 6 2 2 ( 5 ) 3 8 2 2 ( 1 0 ) 3 0 5 0 ( 8 ) 8 9 ( 2 ) 
C ( 1 8 ) 3 3 3 3 ( 4 ) 1 5 0 7 ( 8 ) 1 4 8 6 ( 6 ) 7 2 ( 2 ) 
C ( 1 9 ) 7 6 4 1 ( 4 ) 3 0 ( 6 ) 4 6 9 1 ( 5 ) 5 5 ( 1 ) 
C ( 2 0 ) 8 5 3 8 ( 5 ) - 3 5 9 ( 1 0 ) 3 5 6 2 ( 8 ) 8 4 ( 2 ) 
C ( 2 1 ) 6 3 9 7 ( 4 ) - 2 4 3 1 ( 7 ) 4 9 3 4 ( 5 ) 6 0 ( 1 ) 
C ( 2 2 ) 5 8 9 3 ( 6 ) - 4 8 7 0 ( 7 ) 4 7 9 5 ( 7 ) 8 1 ( 2 ) 
117 
T a b l e 3. B o n d l e n g t h s [A] and a n g l e s [deg] for R 1 4 4 2 . 
0(1) -C(2) 1 . 3 8 1 (6) 
0(1) -C(17) 1.399 (9) 
0(2) -C(5) 1.377 (7) 
0(2) -C(18) 1.422 (7) 
0(3) -C(19) 1.193 (7) 
0(4) -C(19) 1.344 (8) 
0 ( 4 ) - C ( 2 0 ) 1 . 4 4 6 ( 7 ) 
0(5) -C(21) 1.197 (8) 
0(6) -C(21) 1.353 (8) 
0(6) -C(22) 1.443 (8) 
C(l) -C(2) 1.377 (7) 
C(l) -C(6) 1.395 (7) 
C(1) -C(15) 1.483 (8) 
C ( 2 ) - C ( 3 ) 1.382 (8) 
C(3) -C(4) 1 . 4 0 1 (8) 
C ( 4 ) - C ( 5 ) 1 . 3 7 6 ( 9 ) 
C ( 5 ) - C ( 6 ) 1 . 3 9 3 ( 7 ) 
C(6) -C(7) 1.512 (7) 
C(7) -C(8) 1.536 (8) 
C(7) -C(16) 1.564 (7) 
C ( 8 ) - C ( 9 ) 1.384 (8) 
C(8) -C(13) 1 . 3 9 1 (8) 
C(9) -C(IO) 1 . 3 7 1 (10) 
C ( 1 0 ) - C ( l l ) 1 . 4 0 1 ( 1 1 ) 
C ( l l ) -C(12) 1.387 (9) 
C ( 1 2 ) -C(13) 1 . 3 7 1 (9) 
C ( 1 3 ) -C(14) 1.495 (7) 
C ( 1 4 ) -C(15) 1.522 (8) 
C ( 1 4 ) - C ( 1 6 ) 1.534 (8) 
C ( 1 5 ) -C(19) 1.502 (7) 
C ( 1 5 ) -C(16) 1 . 5 2 7 (7) 
C ( 1 6 ) -C(21) 1.458 (8) 
C ( 2 ) - 0 ( 1 ) - C ( 1 7 ) 1 1 8 . 1 ( 5 ) 
C ( 5 ) - 0 ( 2 ) - C ( 1 8 ) 1 1 7 . 4 ( 5 ) 
C ( 1 9 ) -0(4) -C(20) 1 1 4 . 8 ( 6 ) 
C ( 2 1 ) - 0 ( 6 ) - C ( 2 2 ) 116 . 2 ( 6 ) 
C(2) -C(l) -C(6) 120.8 (5) 
C(2) -C(l) -C(15) 128.3 (4) 
C ( 6 ) - C ( l ) - C ( 1 5 ) 1 1 0 . 9 ( 4 ) 
C ( l ) - C ( 2 ) - C ( 3 ) 1 1 7 . 8 ( 4 ) 
C ( 1 ) - C ( 2 ) - 0 ( 1 ) 1 1 6 . 1 ( 5 ) 
C(3) -C(2) -0(1) 1 2 6 . 1 ( 5 ) 
C ( 2 ) - C ( 3 ) - C ( 4 ) 1 2 1 . 9 ( 5 ) 
C(5) -C(4) -C(3) 119.9 (5) 
C ( 4 ) - C ( 5 ) - 0 ( 2 ) 1 2 4 . 6 ( 5 ) 
C ( 4 ) - C ( 5 ) - C ( 6 ) 1 1 8 . 4 ( 5 ) 
0 ( 2 ) - C ( 5 ) - C ( 6 ) 1 1 7 . 0 ( 5 ) 
C ( 5 ) - C ( 6 ) -C(l) 121.0 (4) 
C(5) -C(6) -C(7) 1 2 8 . 9 ( 5 ) 
C(l) -C(6) -C(7) 1 0 9 . 7 ( 4 ) 
C ( 6 ) - C ( 7 ) - C ( 8 ) 1 0 3 . 7 ( 4 ) 
C ( 6 ) - C ( 7 ) -C(16) 103.2 (4) 
C ( 8 ) - C ( 7 ) - C ( 1 6 ) 1 0 3 . 0 ( 4 ) 
C ( 9 ) - C ( 8 ) - C ( 1 3 ) 1 2 0 . 5 ( 6 ) 
C(9) - C ( 8 ) - C (7) 1 2 8 . 6 ( 5 ) 
C ( 1 3 ) -C(8) -C(7) 110.3 (4) 
C ( 1 0 ) -C(9) -C (8) 1 1 8 . 9 ( 6 ) 
C ( 9 ) - C ( I O ) - C ( l l ) 1 2 0 . 5 ( 6 ) 
C ( 1 2 ) - C ( l l ) -C(IO) 120 .4 (6) 118 
C ( 1 3 ) - C ( 1 2 ) - C ( 1 1 ) 118.7(6) 
C ( 1 2 ) - C ( 1 3 ) - C ( 8 ) 120.9(5) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 128.7(6) 
C(8) -C(13) -C(14) 110.4 (5) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 121.2(5) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 6 ) 106.5(5) 
C(15) -C(14) -C(16) 59.9 (3) 
C ( l ) - C ( 1 5 ) - C ( 1 9 ) 118.4(5) 
C(l) -C(15) -C(14) 121.5 (4) 
C ( 1 9 ) - C ( 1 5 ) - C ( 1 4 ) 1 1 4 . 9 ( 5 ) 
C(l) -C(15) -C(16) 10 5.9 (4) 
C(19) -C(15) -C(16) 122.4 (5) 
C(14) -C(15) -C(16) 60.4 (4) 
C(21) -C(16) -C(15) 122.4 (5) 
C ( 2 1 ) - C ( 1 6 ) - C ( 1 4 ) 120.4(5) 
C ( 1 5 ) - C ( 1 6 ) - C ( 1 4 ) 59.6(4) 
C ( 2 1 ) - C ( 1 6 ) - C ( 7 ) 126.0(5) 
C(15) -C(16) -C(7) 104 .6 (4) 
C(14) -C(16) -C{7) 104.8 (4) 
0 ( 3 ) - C ( 1 9 ) - 0 ( 4 ) 123.3(5) 
0 ( 3 ) - C ( 1 9 ) - C ( 1 5 ) 126.4(5) 
0 ( 4 ) - C ( 1 9 ) - C ( 1 5 ) 110.3(5) 
0(5) -C(21) -0(6) 123.4(6) 
0(5) -C(21) -C(16) 124.8(6) 
0 ( 6 ) - C ( 2 1 ) - C ( 1 6 ) 111.8(5) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t atoms： 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for R1442. 
The a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t t a k e s the form： 
-2 p i " 2 [ h"2 U l l + … + 2 h k a* b* U12 ] 
* 
U l l U22 U3 3 U2 3 U13 U 1 2 
0(1) 42(2) 82(3) 83(3) 8(2) 14(2) -17(2) 
0(2) 37(2) 79(2) 71(2) 14(2) 5(2) -4(2) 
0(3) 42(2) 84(3) 76(3) -8(2) 5(2) 8(2) 
0 (4) 38(2) 97(3) 74(3) -16 (2) 19(2) 8(2) 
0(5) 50(3) 68(3) 143(5) 9(3) 20(3) 13(2) 
0(6) 53(2) 56(2) 72(2) -3(2) 11(2) -3(2) 
C (1) 38(2) 58(3) 54(3) -1(2) 11(2) -2(2) 
C (2) 40(3) 63(3) 50(3) 2(2) 11(2) -6(2) 
C (3) 57(3) 60(3) 57(3) 8(2) 22(2) - 2(2) 
C(4) 48(3) 58(3) 56(3) 7(2) 9 (2) 4(2) 
C(5) 37(2) 60(3) 59(3) -8(2) 11(2) -3(2) 
C(6) 38(2) 50(2) 60(3) 4(2) 16(2) 4(2) 
C(7) 38(2) 53(3) 67(3) 4(2) 16(2) 0(2) 
C(8) 45(3) 60(3) 57(3) 9(2) 20(2) 4(2) 
C(9) 51(3) 70(3) 73(4) 11(3) 22(3) 13(3) 
C(10) 62(4) 84(4) 68(4) 12(3) 28(3) 19(3) 
C(ll) 77(5) 83(4) 66(4) 2(3) 28(3) 22(3) 
C(12) 66(4) 67(3) 61(3) 6(3) 20(3) 7(3) 
C(13) 51(3) 58(3) 59(3) 7(2) 21(2) 7(2) 
C(14) 45(3) 59(3) 53(3) 0(2) 11(2) 0(2) 
C(15) 39(2) 56(3) 64(3) 2(2) 18(2) -2(2) 
C(16) 41(2) 55(3) 56(3) 4(2) 15(2) 1(2) 
C(17) 64(4) 111 (5) 95(5) 9(4) 26(4) -33(4) 
C(18) 46(3) 82(4) 74(4) 14(3) -4(3) 2(3) 
C(19) 4 2 ( 3 ) 59(3) 62(3) 3(2) 14(2) 0(2) 
C ( 2 0 ) 4 7 ( 3 ) 1 0 7 ( 6 ) 1 0 6 ( 5 ) - 1 1 ( 4 ) 3 6 ( 3 ) 8 ( 3 ) 
C(21) 56(3) 62(3) 63(3) 4(2) 17(2) 4(3) 
C(22) 86(5) 58(3) 93(5) -13 (3) 16(4) -2(3) 
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T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 10^4) a n d i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for R 1 4 4 2 . 
X y z U ( e q ) 
H ( 3 A ) 6032 3776 2006 68 
H ( 4 A ) 4616 3089 1543 66 
H ( 7 A ) 4800 -1036 4 0 3 1 63 
H (9A) 3813 1058 4 8 0 1 77 
H ( I O A ) 3 8 3 6 2 5 9 1 6 2 4 5 8 3 
H ( l l A ) 5116 3190 7508 89 
H ( 1 2 A ) 6376 2165 7368 77 
H ( 1 4 A ) 7007 -196 6396 64 
H ( 1 7 A ) 8212 3998 3407 134 
H ( 1 7 B ) 7 3 1 1 4717 3004 134 
H ( 1 7 C ) 7562 3452 2 3 2 5 134 
H ( 1 8 A ) 2783 1110 1444 107 
H ( 1 8 B ) 3 5 1 1 1182 868 107 
H ( 1 8 C ) 3303 2552 1483 107 
H ( 2 0 A ) 8514 -620 2823 126 
H ( 2 0 B ) 8872 -1064 4 0 5 7 126 
H ( 2 0 C ) 8792 587 3 7 2 5 126 
H ( 2 2 A ) 5368 -5403 4 6 1 9 1 2 1 
H ( 2 2 B ) 6218 -5099 5529 1 2 1 
H ( 2 2 C ) 6209 -5133 4293 1 2 1 
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T a b l e 1. C r y s t a l d a t a and s t r u c t u r e r e f i n e m e n t for R 1 4 4 1 . 
I d e n t i f i c a t i o n c o d e cc 
E m p i r i c a l f o r m u l a C22 H20 06 
F o r m u l a w e i g h t 3 8 0 . 3 8 
T e m p e r a t u r e 2 93(2) K 
W a v e l e n g t h 0 . 7 1 0 7 3 A 
C r y s t a l s y s t e m , s p a c e g r o u p M o n o c l i n i c , Cc 
U n i t c e l l d i m e n s i o n s a = 9 . 5 0 3 5 (19) A a l p h a = 90 d e g . 
b = 2 8 . 1 0 8 ( 6 ) A b e t a = 1 1 7 . 0 5 ( 3 ) de 
c = 7 . 9 9 0 6 ( 1 6 ) A g a m m a = 90 d e g . 
V o l u m e 1 9 0 1 . 0 ( 7 ) A " 3 
Z, C a l c u l a t e d d e n s i t y 4, 1.329 M g / m ^ 3 
A b s o r p t i o n c o e f f i c i e n t 0.097 m m ^ - 1 
F ( O O O ) 800 
C r y s t a l s i z e 0.50 x 0.48 x 0.18 m m 
T h e t a r a n g e f o r d a t a c o l l e c t i o n 1.45 to 2 5 . 4 6 d e g . 
L i m i t i n g i n d i c e s 0 < = h < = l l , - 3 3 < = k < = 3 4 , - 9 < = 1 < = 8 
R e f l e c t i o n s c o l l e c t e d / u n i q u e 2782 / 1669 [R(int) = 0 . 0 5 9 5 ] 
C o m p l e t e n e s s to t h e t a = 2 5 . 4 6 89.7 % 
A b s o r p t i o n c o r r e c t i o n E m p i r i c a l 
M a x . a n d m i n . t r a n s m i s s i o n 1 . 1 7 1 a n d 0.818 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n 
D a t a / r e s t r a i n t s / p a r a m e t e r s 1669 / 2 / 255 
Goodness-of-fit on 1.071 
F i n a l R i n d i c e s [ I > 2 s i g m a ( I ) ] R 1 = 0 . 0 5 2 0 , w R 2 = 0 . 1 2 9 9 
R i n d i c e s (all d a t a ) R 1 = 0 . 0 5 6 6 , w R 2 = 0 . 1 3 3 8 
A b s o l u t e s t r u c t u r e p a r a m e t e r 0(4) 
E x t i n c t i o n c o e f f i c i e n t 0 . 0 1 0 6 (19) 
L a r g e s t d i f f . p e a k a n d h o l e 0 . 1 8 5 a n d - 0 . 1 6 7 e . A " - 3 
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T a b l e 2. A t o m i c c o o r d i n a t e s ( x 10^4) a n d e q u i v a l e n t i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for R 1 4 4 1 . 
U ( e q ) is d e f i n e d as one t h i r d of the t r a c e of the o r t h o g o n a l i z e d 
Uij t e n s o r . 
X y z U ( e q ) 
0(1) 5 3 5 9 ( 4 ) 9983(1) 6 5 4 4 ( 5 ) 71(1) 
0 ( 2 ) 1 0 9 9 5 (4) 9374(1) 6759 (5) 80(1) 
0(3) 6 9 7 4 ( 5 ) 7953(2) 4 4 8 6 ( 7 ) 1 1 7 ( 2 ) 
0(4) 4976 (5) 8024(1) 5 1 7 4 ( 5 ) 79(1) 
0 ( 5 ) 4 4 4 9 (6) 8491(2) 8 4 7 5 ( 8 ) 1 1 5 ( 2 ) 
0(6) 6 2 0 4 ( 5 ) 7 9 1 1 (1) 9434 (6) 84(1) 
C(l) 7179 (5) 9390(1) 6 7 6 1 (5) 54(1) 
C(2) 6 7 8 2 ( 5 ) 9868(1) 6569 (6) 60(1) 
C(3) 7817 (6) 1 0 1 8 5 ( 2 ) 6 3 9 3 ( 6 ) 68(1) 
C(4) 9214 (6) 1 0 0 3 9 ( 2 ) 6 4 3 1 ( 7 ) 71(1) 
C(5) 9624 (5) 9564 (2) 6 6 5 1 ( 6 ) 64(1) 
C(6) 8579 (5) 9239 (1) 6765 (5) 55(1) 
C(7) 8786 (5) 8711(1) 7130 (6) 57(1) 
C(8) 9669 (5) 8668 (1) 9243 (6) 57(1) 
C (9) 1 1 2 8 1 ( 6 ) 8701(2) 1 0 4 2 3 ( 7 ) 75(1) 
C ( 1 0 ) 1 1 7 9 5 ( 7 ) 8690 (2) 1 2 3 3 3 ( 9 ) 91(2) 
C ( l l ) 1 0 7 4 1 ( 8 ) 8659(2) 1 3 0 8 2 ( 8 ) 92(2) 
C ( 1 2 ) 9139 (7) 8633 (2) 1 1 9 2 7 ( 7 ) 75(1) 
C ( 1 3 ) 8587 (5) 8642 (1) 9987 (6) 5 7 ( 1 ) 
C ( 1 4 ) 6948 (5) 8606 (1) 8 4 5 8 ( 5 ) 5 4 ( 1 ) 
C ( 1 5 ) 6256 (5) 8974 (1) 6846 (6) 5 4 ( 1 ) 
C ( 1 6 ) 7 1 1 3 ( 5 ) 8536 (1) 6 6 6 9 ( 6 ) 54(1) 
C ( 1 7 ) 5 0 2 7 ( 7 ) 1 0 4 7 6 ( 2 ) 6 5 5 7 ( 9 ) 8 5 ( 1 ) 
C ( 1 8 ) 1 2 0 7 9 ( 7 ) 9 6 9 1 (2) 6 5 8 0 ( 9 ) 96 (2) 
C ( 1 9 ) 5 7 2 2 ( 6 ) 8 3 3 9 ( 1 ) 8 7 7 8 ( 7 ) 66(1) 
C ( 2 0 ) 5116 (9) 7 6 0 0 ( 2 ) 9 7 1 3 ( 1 1 ) 1 1 2 ( 2 ) 
C ( 2 1 ) 6366 (5) 8 1 4 8 ( 2 ) 5319 (6) 63(1) 
C ( 2 2 ) 4174 (8) 7628 (2) 3974 (10) 1 0 5 ( 2 ) 
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T a b l e 3. B o n d l e n g t h s [A] a n d a n g l e s [deg] for R 1 4 4 1 . 
0(1) -C(2) 1.382 (6) 
0 ( 1 ) - C ( 1 7 ) 1 . 4 2 4 ( 5 ) 
0(2) -C(5) 1 . 3 7 4 ( 6 ) 
0(2) -C(18) 1.420 (7) 
0(3) -C(21) 1.194 (6) 
0(4) -C(21) 1.319 (6) 
0 ( 4 ) - C ( 2 2 ) 1 . 4 4 1 ( 6 ) 
0 ( 5 ) - C ( 1 9 ) 1 . 1 9 9 ( 7 ) 
0 ( 6 ) - C ( 1 9 ) 1 . 3 0 9 ( 5 ) 
0 ( 6 ) - C ( 2 0 ) 1 . 4 4 6 ( 7 ) 
C(l) -C(2) 1.383 (5) 
C(l) -C(6) 1.395 (6) 
C(l) -C(15) 1.483 (5) 
C(2) -C(3) 1.382 (6) 
C(3) -C(4) 1 . 3 7 7 ( 7 ) 
C(4) -C(5) 1.378 (7) 
C(5) -C(6) 1.383 (6) 
C(6) -C(7) 1.508 (6) 
C ( 7 ) - C ( 8 ) 1 . 5 1 1 ( 6 ) 
C(7) - C ( 1 6 ) 1.540 (5) 
C(8) -C(9) 1.389 (6) 
C(8) -C(13) 1.405 (6) 
C(9) -C(IO) 1.374 (8) 
C ( 1 0 ) -C(ll) 1.384 (9) 
C ( l l ) - C ( 1 2 ) 1 . 3 7 7 ( 8 ) 
C ( 1 2 ) -C(13) 1.392 (6) 
C ( 1 3 ) - C ( 1 4 ) 1.482 (6) 
C ( 1 4 ) - C ( 1 9 ) 1.502 (6) 
C ( 1 4 ) -C(16) 1.520 (5) 
C ( 1 4 ) - C ( 1 5 ) 1.546 (5) 
C ( 1 5 ) -C(16) 1.517 (5) 
C ( 1 6 ) -C(21) 1.470 (5) 
C ( 2 ) - 0 ( 1 ) - C ( 1 7 ) 1 1 6 . 5 ( 4 ) 
C(5) -0(2) -C(18) 117.4 (4) 
C ( 2 1 ) -0(4) -C(22) 1 1 7 . 9 (4) 
C ( 1 9 ) - 0 ( 6 ) - C ( 2 0 ) 118.2 (5) 
C(2) -C(l) -C(6) 120.6 (3) 
C(2) - C ( 1 ) - C ( 1 5 ) 129.3 (4) 
C ( 6 ) - C ( l ) - C ( 1 5 ) 1 1 0 . 0 ( 3 ) 
0 ( 1 ) - C ( 2 ) - C ( 3 ) 1 2 5 . 8 ( 4 ) 
0 ( 1 ) -C(2) -C(l) 116 .4 (4) 
C(3) -C(2) -C(l) 117.8 (4) 
C ( 4 ) -C(3) -C(2) 1 2 1 . 9 (4) 
C ( 3 ) -C(4) -C(5) 120.4 (4) 
0 ( 2 ) - C ( 5 ) - C ( 4 ) 1 2 6 . 1 ( 4 ) 
0 ( 2 ) -C(5) -C(6) 115.3 (4) 
C ( 4 ) - C ( 5 ) - C ( 6 ) 118.6 (4) 
C ( 5 ) - C ( 6 ) - C ( l ) 1 2 0 . 7 ( 4 ) 
C(5) - C ( 6 ) - C ( 7 ) 1 2 8 . 9 (4) 
C(1) - C ( 6 ) - C ( 7 ) 110 .0(3) 
C ( 6 ) - C ( 7 ) - C ( 8 ) 1 0 4 . 5 ( 3 ) 
C ( 6 ) - C ( 7 ) - C ( 1 6 ) 1 0 3 . 7 ( 3 ) 
C(8) -C(7) - C ( 1 6 ) 103 .3 (3) 
C ( 9 ) - C ( 8 ) - C ( 1 3 ) 1 2 0 . 7 ( 4 ) 
C ( 9 ) - C ( 8 ) - C ( 7 ) 1 2 9 . 3 ( 4 ) 
C ( 1 3 ) -C(8) -C(7) 109.6 (3) 
C ( 1 0 ) - C ( 9 ) - C ( 8 ) 1 1 8 . 5 ( 5 ) 
C ( 9 ) - C ( I O ) -C(ll) 121.3 (5) 
C ( 1 2 ) - C ( l l ) -C(IO) 1 2 0 . 7 ( 5 ) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 119.2(5) 
C(12) -C(13) -C(8) 119.6 (4) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 129.7(4) 
C(8) -C(13) -C(14) 110.6 (3) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 9 ) 120.0(3) 
C(13) -C(14) -C(16) 105.4 (3) 
C ( 1 9 ) - C ( 1 4 ) -C(16) 121.0 (3) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 122.0(3) 
C(19) -C(14) -C(15) 114.0 ⑷ 
C(16) -C(14) -C(15) 59.3 (2) 
C(l) -C(15) -C(16) 106.4 (3) 
C(l) -C(15) -C(14) 122.0 (3) 
C(16) -C(15) -C(14) 59.5 (2) 
C ( 2 1 ) - C ( 1 6 ) - C ( 1 5 ) 124.7(4) 
C ( 2 1 ) - C ( 1 6 ) - C ( 1 4 ) 124.3(3) 
C ( 1 5 ) - C ( 1 6 ) - C ( 1 4 ) 61.2(2) 
C ( 2 1 ) - C ( 1 6 ) - C ( 7 ) 120.9(3) 
C ( 1 5 ) - C ( 1 6 ) -C(7) 105.0 (3) 
C ( 1 4 ) - C ( 1 6 ) - C ( 7 ) 105.7(3) 
0 ( 5 ) - C ( 1 9 ) - 0 ( 6 ) 123.0(5) 
0 ( 5 ) - C ( 1 9 ) - C ( 1 4 ) 125.2(4) 
0 ( 6 ) - C ( 1 9 ) - C ( 1 4 ) 111.7(4) 
0(3) -C(21) -0(4) 123.3(4) 
0 ( 3 ) - C ( 2 1 ) - C ( 1 6 ) 1 2 3 . 7 ( 4 ) 
0 ( 4 ) - C ( 2 1 ) - C ( 1 6 ) 113.0(3) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t atoms： 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for R1441. 
The a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s the form： 
-2 p i ^ 2 [ U l l + … + 2 h k a* b* U12 ] 
U l l U22 U3 3 U23 U13 U12 
0(1) 67(2) 44(1) 101(2) 6 (1) 36(2) 4(1) 
0(2) 64(2) 78(2) 105 (3) 0(2) 45(2) -13(2) 
0(3) 96(3) 123(3) 150(4) -80 (3) 72(3) -34(2) 
0(4) 72(2) 70(2) 96(2) -27(2) 39(2) -27(2) 
0(5) 102(3) 76(2) 205(5) 15(3) 104(3) 3(2) 
0(6) 102(3) 51(2) 115(3) 14(2) 64(2) -4(2) 
C(l) 54(2) 42(2) 64(2) 2(2) 26(2) -5(2) 
C(2) 56(2) 50(2) 66(2) 6 (2) 19(2) -2(2) 
C(3) 76(3) 45(2) 75(3) 12(2) 28(2) -5(2) 
C(4) 71(3) 67(3) 70(3) 8(2) 27(2〉 -20(2) 
C(5) 58(2) 65(2) 67(2) -1(2) 27(2) -11(2) 
C(6) 55(2) 51(2) 52(2) 1(2) 17(2) -9(2) 
C(7) 52(2) 51(2) 70(2) -4(2) . 29(2) -1(2) 
C (8) 53(2) 47(2) 66(2) 1(2) 22(2) 2(2) 
C(9) 58(3) 64(3) 86(3) 4(2) 17(2) 3(2) 
C(10) 72(3) 77(4) 82(3) 6(2) -2(3) 0(3) 
C(ll) 107(5) 64(3) 72(3) 4(2) 13(3) 12(3) 
C(12) 1 0 1 ( 4 ) 52(2) 66 (3) 2(2) 33(3) 2(2) 
C(13) 62(2) 41(2) 67(2) 5(1) 29(2) 6(2) 
C(14) 59(2) 39(2) 66 (2) 0(2) 29(2) 0(2) 
C ( 1 5 ) 43(2) 4 7 ( 2 ) 6 9 ( 2 ) - 2 ( 2 ) 22(2) - 2 ( 2 ) 
C (16) 53(2) 48(2) 61(2) -5(2) 26(2) -6(2) 
C(17) 89(4) 45(2) 114(4) 3(2) 40(3) 7(2) 
C(18) 74(3) 124 (5) 99(4) 6 (3) 45(3) -28 (3) 
C(19) 72(3) 48(2) 90(3) 1(2) 48(3) 3(2) 
C(20) 144 (6) 79(4) 145 (6) 5(4) 94 (5) -31(4) 
C(21) 60(2) 54(2) 73(3) -10 (2) 30(2) -4(2) 
C(22) 1 0 7 ( 5 ) 70(3) 132(5) -40 (3) 4 9 ( 4 ) -45(3) 
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T a b l e 5. H y d r o g e n c o o r d i n a t e s ( x 10^4) a n d i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for R 1 4 4 1 . 
X y z U ( e q ) 
H ( 3 A ) 7563 10507 6246 82 
H ( 4 A ) 9885 1 0 2 6 1 6307 85 
H ( 7 A ) 9280 8544 6454 69 
H ( 9 A ) 11996 8730 9932 90 
H ( I O A ) 12873 8704 1 3 1 3 7 110 
H ( l l A ) 11118 8656 1 4 3 7 9 110 
H ( 1 2 A ) 8435 8610 1 2 4 3 6 90 
H ( 1 5 A ) 5105 8985 6094 65 
H ( 1 7 A ) 4014 10515 6529 127 
H ( 1 7 B ) 5019 10627 5473 127 
H ( 1 7 C ) 5826 10620 7676 127 
H ( 1 8 A ) 12984 9517 6683 144 
H (18B) 12408 9926 7558 144 
H ( 1 8 C ) 11578 9846 5378 144 
H ( 2 0 A ) 5614 7299 10183 168 
H ( 2 0 B ) 4 1 8 9 7 5 5 4 8 5 3 9 1 6 8 
H ( 2 0 C ) 4823 7 7 4 1 1 0 6 0 3 168 
H ( 2 2 A ) 3183 7576 3 9 9 1 158 
H ( 2 2 B ) 4 8 1 7 7348 4 4 1 8 158 
H ( 2 2 C ) 3990 7696 2713 158 
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T a b l e 1. C r y s t a l d a t a a n d s t r u c t u r e r e f i n e m e n t for R 1 4 4 - 3 . 
I d e n t i f i c a t i o n c o d e p 2 1 n 
E m p i r i c a l f o r m u l a C22 H2 0 06 
F o r m u l a w e i g h t 380 .38 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0 . 71073 A 
C r y s t a l s y s t e m , s p a c e g r o u p M o n o c l i n i c , P 2 ( l ) / n 
U n i t c e l l d i m e n s i o n s a = 1 2 . 6 2 0 ( 4 ) A a l p h a = 90 d e g . 
b = 9.647(5) A b e t a = 1 0 4 . 4 8 ( 2 ) d e g 
c = 1 6 . 3 1 9 ( 5 ) A g a m m a = 90 d e g . 
V o l u m e 1924(1) A " 3 
Z, C a l c u l a t e d d e n s i t y 4, 1.313 M g / m " 3 
A b s o r p t i o n c o e f f i c i e n t 0.096 m m ^ - 1 
F ( 0 0 0 ) 8 0 0 
C r y s t a l s i z e 0.40 x 0.30 x 0.20 m m 
T h e t a r a n g e for d a t a c o l l e c t i o n 2.35 to 2 5 . 3 5 d e g . 
L i m i t i n g i n d i c e s o<=h< = 15, - l l < = k < = l l , -19< = 1< = 18 
R e f l e c t i o n s c o l l e c t e d / u n i q u e 4260 / 2663 [R(int) = 0 . 1 0 6 3 ] 
C o m p l e t e n e s s to t h e t a = 2 5 . 3 5 75.6 % 
A b s o r p t i o n c o r r e c t i o n A b s c o r 
M a x . a n d m i n . t r a n s m i s s i o n 1 . 2 2 1 a n d 0 . 9 0 7 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s o n 
D a t a / r e s t r a i n t s / p a r a m e t e r s 2663 / 0 / 254 
G o o d n e s s - o f - f i t o n 1.132 
F i n a l R i n d i c e s [I>2sigma(I) ] R 1 = 0 . 0 8 0 0 , w R 2 = 0 . 1 9 3 1 
R i n d i c e s (all d a t a ) R 1 = 0 . 1 0 8 0 , w R 2 = 0 . 2 1 3 2 
E x t i n c t i o n c o e f f i c i e n t 0 . 0 1 4 ( 4 ) 
L a r g e s t d i f f . p e a k a n d h o l e 0.228 a n d - 0 . 2 7 1 e . A ^ - 3 
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T a b l e 2. A t o m i c c o o r d i n a t e s ( x 10^4) a n d e q u i v a l e n t i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A^2 x 10^3) for R 1 4 4 - 3 . 
U ( e q ) is d e f i n e d as one t h i r d of the t r a c e of the o r t h o g o n a l ! z e d 
Uij t e n s o r . 
X y z U(eq) 
0 ( 1 ) 1 6 ( 3 ) 4 1 4 4 ( 4 ) 3 9 8 9 ( 2 ) 8 6 ( 1 ) 
0 ( 2 ) - 1 3 2 ( 2 ) 8 9 3 9 ( 3 ) 2 2 1 0 ( 2 ) 6 7 ( 1 ) 
0 ( 3 ) 1 0 7 7 ( 2 ) 5 7 1 7 ( 3 ) 3 5 7 5 ( 2 ) 7 3 ( 1 〉 
0 ( 4 ) - 1 7 9 3 ( 2 ) 9 6 2 4 ( 3 ) 1 4 6 6 ( 2 ) 7 0 ( 1 ) 
0 ( 5 ) - 1 8 2 ( 2 ) 7 9 3 2 ( 3 ) 2 2 7 ( 2 ) 6 5 ( 1 ) 
0 ( 6 ) 1 3 4 5 ( 2 ) 3 4 5 2 ( 3 ) 2 2 9 9 ( 2 ) 6 7 ( 1 ) 
C ( L ) 2 5 7 ( 3 ) 6 7 9 1 ( 4 ) 7 0 5 ( 2 ) 5 1 ( 1 ) 
C ( 2 ) 1 1 5 2 ( 3 ) . 6 0 5 8 ( 4 ) 6 0 2 ( 2 ) 5 6 ( 1 ) 
C ( 3 ) 1 5 3 4 ( 3 ) 4 9 2 7 ( 4 ) 1 1 2 5 ( 2 ) 5 7 ( 1 ) 
C ( 4 ) 1 0 3 5 ( 3 ) 4 5 7 1 ( 4 ) 1 7 5 3 ( 2 ) 5 2 ( 1 ) 
C ( 5 ) - 4 1 6 ( 3 ) 4 8 4 9 ( 4 ) 2 5 3 9 ( 2 ) 5 1 ( 1 ) 
C ( 6 ) - 1 4 3 9 ( 3 ) 4 3 7 5 ( 4 ) 2 3 9 7 ( 2 ) 5 3 ( 1 ) 
C ( 7 ) - 2 7 0 4 ( 3 ) 2 8 6 9 ( 4 ) 1 3 8 5 ( 3 ) 6 4 ( 1 ) 
C ( 8 ) - 3 4 9 3 ( 3 ) 2 6 2 7 ( 5 ) 6 3 9 ( 3 ) 6 9 ( 1 ) 
C ( 9 ) - 3 8 4 5 ( 3 ) 3 6 9 5 ( 5 ) 8 0 ( 3 ) 69(1) 
C ( 1 0 ) - 3 4 4 6 ( 3 ) 5 0 2 3 ( 4 ) 2 7 0 ( 2 ) 6 0 ( 1 ) 
C ( l l ) - 2 2 7 3 ( 3 ) 6744(4) 1 2 1 5 ( 2 ) 5 1 ( 1 ) 
C ( 1 2 ) - 1 2 4 8 ( 3 ) 7 2 4 0 ( 4 ) 1 3 9 5 ( 2 ) 4 7 ( 1 ) 
C ( 1 3 ) - 2 7 1 ( 3 ) 6 4 2 4 ( 4 ) 1 3 3 0 ( 2 ) 4 5 ( 1 ) 
C ( 1 4 ) 1 2 2 ( 3 ) 5 2 9 5 ( 4 ) 1 8 6 2 ( 2 ) 4 7 ( 1 ) 
C ( 1 5 ) - 2 2 4 7 ( 3 ) 4 1 9 7 ( 4 ) 1 5 7 1 ( 2 ) 5 1 ( 1 ) 
C ( 1 6 ) - 2 6 2 2 ( 3 ) 5 2 8 6 ( 4 ) 1 0 0 8 ( 2 ) 5 1 ( 1 ) 
C ( 1 7 ) - 1 1 1 0 ( 3 ) 8 7 3 1 ( 4 ) 1 6 6 7 ( 2 ) 5 3 ( 1 ) 
C ( 1 8 ) 1 5 ( 4 ) 1 0 2 8 4 ( 5 ) 2 6 2 4 ( 3 ) 8 8 ( 2 ) 
C ( 1 9 ) 2 3 1 ( 3 ) 4 8 4 8 ( 4 ) 3 4 3 5 ( 2 ) 5 8 ( 1 ) 
C ( 2 0 ) 1 7 4 0 ( 5 ) . 5 7 6 7 ( 6 ) 4 4 3 6 ( 3 ) 1 0 2 ( 2 ) 
C ( 2 1 ) 3 1 1 ( 4 〉 8 3 7 5 ( 5 ) - 4 2 3 ( 3 ) 7 3 ( 1 ) 
C ( 2 2 ) 2 3 8 7 ( 4 ) 2 9 0 4 ( 7 ) 2 3 9 8 ( 4 ) 1 3 5 ( 3 ) 
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Table 3. Bond lengths [A] and angles [deg] for R144-3. 
0 ( 1 ) - C ( 1 9 ) 1.215 (4) 
0(2)-C(17) . 1.343(4) 
0 ( 2 ) - C ( 1 8 ) 1 - 4 5 4 ( 5 ) 
0 ( 3 ) - C ( 1 9 ) 1 - 3 3 0 ( 5 ) 
0 ( 3 ) - C ( 2 0 ) 1.446(5) 
0(4) -C(17) 1.204 (4) 
0 ( 5 ) - C ( l ) 1 - 3 8 3 ( 4 ) 
0 ( 5 ) - C ( 2 1 ) 1.422(5) 
0 ( 6 ) - C ( 2 2 ) 1.389(5) 
0 ( 6 ) - C ( 4 ) 1.392(4) 
C(l) -C(2) ‘ 1.379(5) 
C(l) -C(13) 1.396 (5) 
C(2) -C(3) 1.395 (5) 
C(3) -C(4) 1.373(5) 
C ( 4 ) - C ( 1 4 ) 1.397 (5) 
C ( 5 ) - C ( 6 ) 1.334(5) 
C ( 5 ) - C ( 1 9 ) 1.487(5) 
C ( 5 ) - C ( 1 4 ) 1.497(5) 
C ( 6 ) - C ( 1 5 ) 1.483(5) 
C ( 7 ) - C { 8 ) 1.386(5) 
C ( 7 ) - C ( 1 5 ) 1.406(5) 
C ( 8 ) - C ( 9 ) 1.374(6) 
C ( 9 ) - C ( I O ) 1.383 (6) 
C ( 1 0 ) - C ( 1 6 ) 1.405(5) 
C ( l l ) - C ( 1 2 ) 1.341(5) 
C ( l l ) - C ( 1 6 ) 1.486(5) 
C ( 1 2 ) - C ( 1 3 ) 1.489(5) 
C ( 1 2 ) - C ( 1 7 ) 1.503(5) 
C { 1 3 ) - C ( 1 4 ) 1.404(5) 
C ( 1 5 ) - C ( 1 6 ) 1.398(5) 
C(17) -0(2) -C(18) 115.4(3) 
C(19) -0(3) -C(20) 115.6 ⑷ 
C(l) -0(5) -C(21) 118.2 (3) 
C(22) -0(6) -C(4) 118.4(4) 
C(2) -C(l) -0(5) 124.3 (4) 
C ( 2 ) - C ( l ) - C ( 1 3 ) 121.0 (3) 
0(5) -C(l) -C(13) 114.7(3) 
C(l) -C(2) -C(3) 119.6(4) 
C(4) -C(3) -C(2) 120.0(4) 
C(3) -C(4) -0(6) 124.3 (4) 
C ( 3 ) - C ⑷ - C ( 1 4 ) 121.1(4) 
0(6) -C(4) -C(14) 114.5 (3) 
C ( 6 ) - C ( 5 ) - C ( 1 9 ) 116.1(3) 
C ( 6 ) - C ( 5 ) - C ( 1 4 ) 124.7(3) 
C ( 1 9 ) - C ( 5 ) - C ( 1 4 ) 119.1(3) 
C ( 5 ) - C ( 6 ) - C ( 1 5 ) 127.8(3) 
C ( 8 ) - C ( 7 ) - C ( 1 5 ) 120.6 (4) 
C ( 9 ) - C ( 8 ) - C ( 7 ) 119.9 (4) 
C(8) -C(9) -C(IO) 120.4 (4) 
C ( 9 ) - C ( I O ) - C ( 1 6 ) 1 2 0 . 6 ( 4 ) 
C ( 1 2 ) - C ( l l ) - C ( 1 6 ) 127.0 (4) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 124.5(3) 
C ( l l ) - C ( 1 2 ) - C ( 1 7 ) 1 1 6 . 2 ( 3 ) 
C ( 1 3 ) - C ( 1 2 ) - C ( 1 7 ) 119.4(3) 
C ( l ) - C ( 1 3 ) - C ( 1 4 ) 119.3 (3) 
C(l‘）-C(13) -C(12) 118.2(3) 
C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 ) 122.5(3) 
C ( 4 ) - C ( 1 4 ) -C(13) 119.0 (3) 
C(4) -C(14) -C(5) 119.4 (3) 1'32 
C(13) -C(14) -C(5) 121.6 (3) 
C(16) -C(15) -C(7) 11?-3 (3) 
C ( 1 6 ) - C ( 1 5 ) - C ( 6 ) 123.5(3) 
C ( 7 ) - C ( 1 5 ) - C ( 6 ) 116.9(3) 
C(15) -C(16) -C(IO) 119.0 (3) 
C(15) -C(16) -C(ll) 122.0 (3) 
C(l〇）-C(16) -C(ll) 118.6 (3) 
0 ( 4 ) - C ( 1 7 ) -0(2) 123 .4 (3) 
0 ( 4 ) - C ( 1 7 ) - C ( 1 2 ) 1 2 5 . 6 ( 3 ) 
0 ( 2 ) - C ( 1 7 ) - C ( 1 2 ) 110.9(3) 
0(1) -C(19) -0(3) 123 .0 (3) 
0(1) -C(19) -C(5) 124.2 (4) 
0 ( 3 ) - C ( 1 9 ) - C ( 5 ) 112.9(3) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t atoms： 
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Table 4. Anisotropic displacement parameters x 10^3) for R144-3. 
The anisotropic displacement factor exponent takes the form： 
-2 pi八2 [ h八2 a*八2 U l l + … + 2 h k a* b* U12 ] 
U l l U 2 2 U3 3 U23 U 1 3 U 1 2 
0 ( 1 ) 81(2) 1 0 4 ( 3 ) 66(2) 29(2) 5(2) - 8 ( 2 ) 
0 ( 2 ) 59(2) 52(2) 81(2) -11(2) -1(1) -2 (2) 
0 ( 3 ) 72(2) 76(2) 5 9 ( 2 ) 5(2) -3(1) -16 (2) 
0 ( 4 ) 64(2) 4 7 ( 2 ) 95(2) 1(2) 1 3 ( 2 ) 1 0 ( 2 ) 
0 ( 5 ) 72(2) 59(2) 67(2) 17(1) 2 4 ( 1 ) 5(2) 
0 ( 6 ) 54(2) 60(2) 84(2) 17(2) 1 1 ( 1 ) 1 6 ( 1 ) 
C(l) 50(2) 4 5 ( 2 ) 54(2) -3(2) 7(2) 1(2) 
C ( 2 ) 4 9 ( 2 ) 61(2) 59(2) -2(2) 18 (2) -6 (2) 
C ⑶ 46 ( 2 ) 59(2) 70(2) -3 (2) 19 (2〉 6(2) 
C(4) 4 4 ( 2 ) 4 6 ( 2 ) 63(2) -2(2) 5(2) 2(2) 
C(5) 4 8 ( 2 ) 4 9 ( 2 ) 5 4 ( 2 ) 7(2) 1 0 ( 2 ) 5(2) 
C(6) 58(2) 4 7 ( 2 ) 56(2) 3(2) 1 8 ( 2 ) 1(2) 
C(7) 61(3) 4 7 ( 2 ) 82(3) 4(2) 1 3 ( 2 ) - 2 ( 2 ) 
C(8) 61(3) 57(3) 89(3) -10 (2) 16 (2) - 1 1 (2) 
C ( 9 ) 61(3) 69(3) 75(3) -10 (3) 1 4 ( 2 ) - 2 ( 2 ) 
C ( 1 0 ) 52(2) 61(2) 65(2) 2(2) 6(2) 5(2) 
C ( l l ) 4 9 ( 2 ) 4 6 ( 2 ) 5 7 ( 2 ) 2(2) 1 2 ( 2 ) 8(2) 
C ( 1 2 ) 5 1 ( 2 ) 4 4 ( 2 ) 4 9 ( 2 ) 3(2) 1 7 ( 2 ) 4 ( 2 ) 
C ( 1 3 ) 4 0 ( 2 ) 4 4 ( 2 ) 4 9 ( 2 ) -2(2) 9(2) - 5 ( 2 ) 
C ( 1 4 ) 4 5 ( 2 ) 4 1 ( 2 ) 51(2) -2(2) 4 ( 2 ) 3(2) 
C ( 1 5 ) 4 6 ( 2 ) 4 8 ( 2 ) 60(2) 1(2) 1 4 ( 2 ) - 3 ( 2 ) 
C ( 1 6 ) 4 3 ( 2 ) 4 7 ( 2 ) 63(2) 1(2) 1 5 ( 2 ) - 1 ( 2 ) 
C ( 1 7 ) 5 1 ( 2 ) 4 7 ( 2 ) 62(2) 4(2) 1 6 ( 2 ) 0(2) 
C ( 1 8 ) 95(4) 66(3) 99(3) -32(3) 1 3 ( 3 ) - 8 ( 3 ) 
C ( 1 9 ) 5 8 ( 2 ) 5 9 ( 2 ) 5 4 ( 2 ) 11(2) 9(2) 2 ( 2 ) 
C ( 2 0 ) 94(4) 1 2 8 ( 5 ) 6 5 ( 3 ) 4 ( 3 ) - 1 5 ( 3 ) - 2 3 ( 4 ) 
C ( 2 1 ) 9 2 ( 3 ) 63(3) 7 0 ( 3 ) 8(2) 3 1 ( 2 ) - 3 ( 3 ) 
C ( 2 2 ) 7 2 ( 4 ) 1 3 6 ( 5 ) 2 0 1 (6) 82(5) 3 8 ( 4 ) 5 4 ( 4 ) 
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T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 1 0 ^ 4 ) a n d i s o t r o p i c 
d i s p l a c e m e n t p a r a m e t e r s (A"2 x 1 0 " 3 ) f o r R 1 4 4 - 3 . 
X y z U (eq) 
H(2A) 1500 6317 186 67 
H(3A) 2126 4414 1048 69 
H(6A) -1674 4127 2873 64 
H(7A) -2475 2148 1766 77 
H(8A) -3783 1743 516 83 
H(9A) -4356 3524 -429 83 
H ( IOA) -3727 5749 -95 73 
H ( l l A ) -2825 7380 1220 61 
H (18A) 734 10338 2997 133 
H (18B) -522 10401 2944 133 
H (18C) -71 11002 2205 133 
H (20A) 2326 6416 4474 153 
H (20B) 2037 4864 4602 153 
H (20C) 1296 6054 4805 153 
H (21A) -75 9165 -706 109 
H (21B) 282 7636 -822 109 
H (21C) 1061 8621 -178 109 
H (22A) 2487 2139 2786 203 
H (22B) 2922 3606 2616 203 
H ( 2 2 C ) 2 4 7 3 2 5 8 9 1 8 6 0 2 0 3 
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T a b l e 1. C r y s t a l data and structure r e f i n e m e n t for R 1 9 7 . 
I d e n t i f i c a t i o n code p21c 
E m p i r i c a l formula C ^ g H ^ ^ O ^ 
F o r m u l a w e i g h t 2 64.31 
T e m p e r a t u r e 293 (2) K 
W a v e l e n g t h 0.71073 A 
C r y s t a l s y s t e m M o n o c l i n i c 
S p a c e g r o u p P2^/c 
, o 
U n i t c e l l d i m e n s i o n s a = 9.898(2) A alpha = 90 
h = 9.5194(19) A‘ b e t a = 106.05 (3)° 
c = 14.913(3) A g a m m a = 9 0° 
V o l u m e , Z 1350.4(5) A ^ , 4 
D e n s i t y (calculated) 1.300 M g / m ^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0.084 m m 
F(OOO) 560 
C r y s t a l s i z e 0.40 x 0.30 x 0.28 m m 
o 
9 r a n g e for d a t a c o l l e c t i o n 2.57 to 26.70 
L i m i t i n g i n d i c e s 0 s h s 12, - 1 1 s Jc s 1 1 , -18 s I s 17 
R e f l e c t i o n s c o l l e c t e d 2385 
I n d e p e n d e n t r e f l e c t i o n s 1751 (R. = 0.1896) 
int o 
C o m p l e t e n e s s to 9 = 26.70 61.4 % 
A b s o r p t i o n c o r r e c t i o n N o n e 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 1751 / 0 / 182 
2 
G o o d n e s s - o f - f i t on F 1.264 
F i n a l R i n d i c e s [工 >2<r(I)] R l = 0 .1249, wR2 = 0 . 3 0 8 1 
R i n d i c e s (all data) R l = 0 . 1 5 2 8 , wR2 = 0 . 3 3 7 1 
E x t i n c t i o n c o e f f i c i e n t 0.20(4) .-3 
L a r g e s t d i f f . p e a k and h o l e 0.390 and - 0 . 3 9 1 eA 
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T a b l e 2. A t o m i c c o o r d i n a t e s [ x 10 ] and e q u i v a l e n t i s o t r o p i c 
• 2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for R 1 9 7 . U(eq) is d e f i n e d as 
one third of the trace of the o r t h o g o n a l i z e d U . . t e n s o r . 
i j 
X y z U(eq) 
0 (1) 6160 (4) 12972 (4) 156 (3) 87 (1) 
0 (2) 2660 (3) 9492 (4) 1352 (2) 77 (1) 
C(l) 5359 (5) 12061 (6) 500 (3) 70 (1) 
C(2) 5866 (5) 11049 (6) 1139 (3) 72 (1) 
C(3) 4991(6) .10192(6) 1439(3) 75(2) 
C(4) 3608 (6) 10312 (5) 1083 (3) 67(1) 
C(5) 3057 (5) 11311 (5) 418 (3) 62 (1) 
C(6) 3939 (5) 12211 (5) 122 (3) 61 (1) 
C{7) 3484 (5) 13369 (6) -519 (4) 76(2) 
C(8) 2657 (5) 13311 (6) -1365 (3) 76(2) 
C(9) 2017(5) 12095(5) -1887(3) 68(1) 
C(10) 2262(6) 11855(7) -2741(3) 81(2) 
C(ll) 1639 (6) 10782 (7) -3295 (3) 85 (2) 
C(12) 725 (6) 9929 (6) -3027 (4) 85 (2) 
C(13) 447 (6) 10170 (5) -2188 (3) 73 (2) 
C(14) 1097 (5) 11210 (5) -1609 (3) 64(1) 
C(15) 720(5) 11397(5) -730(3) 71(2) -
C(16) 1555 (5) 11424 (5) 111 (3) 68(1) 
C(17) 3175 (7) 8405 (7) 1988 (4) 96(2) 
C(18) 7608 (6) 12833 (8) 474 (4) 96 (2) 
！ 
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T a b l e 3. B o n d lengths [A] and angles [〇 ] f o r R 1 9 7 . 
0 ( 1 ) - C ( 1 ) 1.367 (6) 0 (1) -C(18) 1.386(7) 
0 ( 2 ) - C ( 4 ) 1.364(6) 0(2)-C{17) 1.401(6) 
C ( l ) - C ( 2 ) 1.350(7) C{l)-C(6) 1.370(7) 
C ( 2 ) - C ( 3 ) 1.353(7) C(3)-C{4) 1.329(7) 
C(4) -C(5) 1.373 (7) C(5) -C(6) L 3 8 0 (7) 
C ( 5 ) - C ( 1 6 ) 1.434 (7) C(6)-C(7) 1.447 (6) 
C{7) -C(8) 1. 302 (7) C(8) -C(9) 1..440 (7) 
C { 9 ) - C ( I O ) 1.379(7) C(9)-C(14) 1.386(7〉 
C(10) -CUD 1.350 (8) C(ll)-C(12) 1.356(8) 
C ( 1 2 ) - C ( 1 3 ) 1.373(7) C(13)-C(14) 1.354(6) 
C ( 1 4 ) - C ( 1 5 ) 1.469(6) C(15)-C(16) 1.297(6) 
C ( l ) - 0 ( 1 ) - C ( 1 8 ) 117.6(5) C ( 4 ) - 0 ( 2 ) - C ( 1 7 ) 1 1 8 . 1 ( 4 ) 
C ( 2 ) - C ( l ) - C ( 6 ) 120.3(5) C ( 2 ) - C ( l ) - 0 ( 1 ) 125^2(5) 
C ( 6 ) - C ( l ) - 0 ( 1 ) 114.5(5) C ( l ) - C ( 2 ) - C ( 3 ) 1 2 1 . 1 ( 5 ) 
C ( 4 ) - C ( 3 ) - C ( 2 ) 119.9(5) C ( 3 ) - C ( 4 ) - 0 ( 2 ) 1 2 3 . 3 ( 5 ) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 120.5(5) 0 ( 2 ) - C ( 4 ) - C ( 5 ) 1 1 6 . 1 ( 4 ) 
C ( 4 ) - C ( 5 ) - C ( 6 ) 120.1(4) C ( 4 ) - C ( 5 ) - C ( 1 6 ) 1 1 S . 9 ( 4 ) 
C⑷ - C ( 5 ) - C ( I S ) 122.9(4) C ( 1 ) - C ( 6 ) - C ( 5 ) 1 1 8 : 1 ( 4 ) 
C ( l ) - C ( 6 ) - C ( 7 ) 116.6(4) C ( 5 ) - C ( 6 ) - C ( 7 ) 1 2 5 . 2 ( 4 ) 
C ( 8 ) - C ( 7 ) - C ( 6 ) 127.3(5) C (7)-C (8)-C (9) 1 2 8 3 ( 5 ) 
C ( 1 0 ) - C ( 9 ) - C ( 1 4 ) 118.3(5) C ( 1 0 ) - C ( 9 ) - C ( 8 ) 118.0(5) 
C ( 1 4 ) - C ( 9 ) - C ( 8 ) 123.6(4) C ( 1 1 ) - C ( 1 0 ) - C ( 9 ) 121.6(5) 
C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 120.1(5) C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 1 1 9 . 1 ( 6 ) 
C ( 1 4 ) _ C ( 1 3 ) _ C ( 1 2 ) 121.6(5) C ( 1 3 ) - C ( 1 4 ) - C ( 9 ) 1 1 9 . 3 ( 4 ) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 117.7(5) C ( 9 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 2 : 9 ( 5 ) 
C ( 1 6 ) - C ( 1 5 ) - C ( 1 4 ) 127.8(5) C ( 1 5 ) - C ( 1 6 ) - C ( 5 ) 1 2 9 . 4 ( 4 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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Table 4. A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for R 1 9 7 . 
The a n i s o t r o p i c d i s p l a c e m e n t factor exponent takes the form: 
-2tt^ [ (ha*) ^ U + … + 2 h k a * b * U ] 
11 IL 2 
U l l U22 U33 U23 U13 U12 
0(1) 68(3) 102(3) 90(2) 1(2) 21(2) -5(2) 
0(2) 72(2) 97 (2) 65(2) 17(2) 22(2) -1(2) 
C(l) 63(3) 87(3) 65(3) -15(3) 25(2) -10(3) 
C{2) 61(3) 88(3) . 64(3) -8(3〉 11(2) 9(3) 
C(3) 82(4) 88(4) 56(3) 6(2) 19(2) 7(3) 
C(4) 73 (3) 78 (3) 52 (2) -3 (2) 21 (2) 3 (3) 
C(5) 55 (3) 81 (3) 48 (2) -7 (2) 13 (2) 2 (2) 
C(6) 61(3) 66(3) 55(2) -7(2) 14(2) 1(2) 
C(7) 71 (3) 74 (3) 81 (3) 2 (3) 22 (3) -2 (3) 
C(8) 71(3) 81(3) 70(3) 17(3) 8(2) -3(3) 
C(9) 68 (3) 80 (3) 57 (2) 7 (2) 16(2) -2(3) 
C(10) 83(4) 104(4) 60(3) 15(3) 25(3) 1(3) 
C(ll) 84 (4) 113 (4) 57 (3) 7 (3) 20 (3) 5 (4) 
C(12) 92(4) 93(4) 66(3) -7(3) 17(3) -4(3) 
C(13) 73 (3) 82 (3) 62(3) 1(2) 14(2) -3(3) 
C(14) 52 (3) 87 (3) 50 (2) 8 (2) 9 (2) 4 (2) 
C(15) 57 (3) 95 (4) 61(3) 6(2) 19(2) 7(3) 
C(16) 62(3) 91(3) 55(2) 1(2) 21(2) 1(2) 
C(17) 101(5) 106(4) 83(3) 32(3) 31(3) 4(4) 
C(18) 65 (4) 130 (5) 97 (4) -13 (4) 28 (3) -12 (3) 
» 
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T a b l e 5. H y d r o g e n coordinates ( x 10 ) and i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for R 1 9 7 . 
X y z U(eq) 
H(2A) 6833 10940 1377 86 
H(3A) 5356 9520 1894 90 
H(7A) 3820 14254 -303 91 
H(8A) 2452 14168 -1673 92 
H d O A ) 2870 • 12445 -2940 98 
H(llA) 1838 10629 -3861 102 
H(12A) 292 9190 -3407 101 
H(13A) -203 9604 -2013 88 
H(15A) -232 11509 -783 85 
H(16A) 1115 11533 583 82 
H(17A) 2 4 0 1 7919 2120 143 
H(17B) 3769 8791 2555 143 
H(17C) 3706 7760 1725 143 
H(18A) 8046 13528 180 145 
H(18B) 7876 11913 323 145 
H(18C) 7905 12963 1138 145 
141 
t 
s ) 0
 
(20 
{
t
t
 
T a b l e 1. C r y s t a l data and structure r e f i n e m e n t for R 2 9 3 2 . 
I d e n t i f i c a t i o n code p 2 1 
E m p i r i c a l formula C^^H^^O 
F o r m u l a w e i g h t 234.28 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
C r y s t a l s y s t e m M O N O C L I N I C 
Space g r o u p 
U n i t cell d i m e n s i o n s a = 10.082(2) A alpha = 9 0 ° 
b = 11.468 (2) A b e t a = 109 .83 (3)° 
c = 11.411(2) A g a m m a = 9 0° 
V o l u m e , Z 1241.1(4) A ^ , 4 
D e n s i t y (calculated) 1.254 M g / m ^ 
A b s o r p t i o n c o e f f i c i e n t 0.076 m m 
F(OOO) 496 
C r y s t a l size 0.45 x 0.20 x 0.20 m m 
e r a n g e for d a t a c o l l e c t i o n 2.15 to 2 5 . 0 1° 
L i m i t i n g i n d i c e s 0 s h s 1 1 , 0 s k s 1 3 , -13 s I s 12 
R e f l e c t i o n s c o l l e c t e d 2308 
I n d e p e n d e n t r e f l e c t i o n s 2179 (R = 0.0396) 
xnt 
C o m p l e t e n e s s to 9 = 2 5 . 0 1° 99.9 % 
• 2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 2179 / 0 / 164 
2 
G o o d n e s s - o f - f i t on F 1.000 
F i n a l R i n d i c e s [ 工 > 2 c r ( I ) ] R l = 0 . 0 4 7 8 , wR2 = 0.1226 
R i n d i c e s (all data) R l = 0 . 1 0 6 7 , wR2 = 0.1468 
E x t i n c t i o n c o e f f i c i e n t 0.011(3) 
L a r g e s t d i f f . p e a k and h o l e 0.125 and -0.144 
143 
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Table 2. A t o m i c c o o r d i n a t e s [ x 10 ] and e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for R 2 9 3 2 . U(eq) is d e f i n e d 
as one third of the trace of the o r t h o g o n a l i z e d U • � t e n s o r . 
X y z U(eq) 
0(1) 7952(2) 9881(2) 1361(2) 67(1) 
C(l) 8572 (3) 10645 (2) 777 (2) 50 (1) 
C(2) 9956 (3) 10987 (2) 1261 (2) 57 (1) 
C(3) 10474 (3) 11767 (2) 605(2) 60(1) 
C(4) 9619 (3) 12208 (2) -510 (2) 57 (1) 
C(5) 8220(2) 11844(2) -1032(2) 49(1) 
C(6) 7363(3) .12355(2) -2243(2) 59(1) 
C(7) 6714 (3) 11795 (2) -3294 (2) 61 (1) 
C(8) 6671(2) 10525(2) -3509(2) 55(1) 
C(9) 7130 (3) 10117 (3) -4464 (2) 70 (1) 
C(10) 7100(3) 8950(3) -4740(3) 77(1) 
C(ll) 6589(3) 8159(3) -4098(3) 73(1) 
C(12) 6095(3) 8547(2) -3177(2) 63(1) 
C(13) 6141 (2) 9725 (2) -2856 (2) 52 (1) 
C(14) 5545(3) 10089(2) -1899(2) 56(1) 
C(15) 6202 (3) 10642 (2) -844 (2) 55 (1) 
C(16) 7682 (2) 11041 (2) -386 (2) 47 (1) 
C(17) 8807(4) 9403(3) 2529(3) 79(1) 
144 
T a b l e 3 . B o n d lengths [A] and angles for R 2 9 3 2 . 
0(1) -C(l) 1.374 (3) 0(1) -C(17) 1.428 (3) 
C(l) -C(2) 1.372(3) C(l) -C(16) 1.402 (3) 
C ( 2 ) - C ( 3 ) 1.378(3) C(3)-C(4) 1.369(3) 
C ( 4 ) - C ( 5 ) 1.396(3) C{5)-C{16) 1.399(3) 
C ( 5 ) - C ( 6 ) 1.479(3) C(6)-C(7) 1.322(3) 
C { 7 ) - C ( 8 ) 1.474(4) C(8)-C(13) 1.398(3) 
C ( 8 ) - C ( 9 ) 1.402(4) C(9)-C(IO) 1.373(4) 
C ( 1 0 ) - C ( l l ) 1.371(4) C(ll)-C(12) 1.381(4) 
C ( 1 2 ) - C ( 1 3 ) 1.397(3) C(13)-C(14) 1.473(3) 
C ( 1 4 ) - C ( 1 5 ) 1.323(3) C{15)-C(16) 1.477(3) 
C ( l ) - 0 ( 1 ) - C ( 1 7 ) 117.9(2) C ( 2 ) - C ( l ) - 0 ( 1 ) 123.7(2) 
C ( 2 ) - C ( l ) - C ( 1 6 ) 121.7(2) 0 ( 1 ) - C ( l ) - C ( 1 6 ) 114.5(2) 
C ( l ) - C ( 2 ) - C ( 3 ) 119.2(2) C ( 4 ) - C ( 3 ) - C ( 2 ) 120.6(2) 
C { 3 ) - C ( 4 ) - C ( 5 ) 120.9(2) C ( 4 ) - C ( 5 ) - C ( 1 6 ) 119.2(2) 
C ( 4 ) - C ( 5 ) - C { 6 ) 117.7(2) C ( 1 6 ) - C ( 5 ) - C ( S ) 123.0(2) 
C ( 7 ) - C ( 6 ) - C ( 5 ) 127.5(2) C ( 6 ) - C ( 7 ) - C ( 8 ) 127.4(2) 
C ( 1 3 ) - C ( 8 ) - C ( 9 ) 118.8(3) C ( 1 3 ) - C ( 8 ) - C ( 7 ) 123.7(2) 
C ( 9 ) - C ( 8 ) - C ( 7 ) 117.4(2) C ( 1 0 ) - C ( 9 ) - C ( 8 ) 121.1(3) 
C ( l l ) - C ( I O ) - C ( 9 ) 120.4 (3) C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 119.4 (3) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 121.5(3) C ( 8 ) - C ( 1 3 ) - C ( 1 2 ) 118.7(2) 
C ( 8 ) - C ( 1 3 ) - C ( 1 4 ) 122.3(2) C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 118.9(2) 
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 127.3(2) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 127.2(2) 
C ( 5 ) - C ( 1 6 ) - C ( l ) 118.3(2) C ( 5 ) - C ( 1 6 ) - C ( 1 5 ) 122.9(2) 
C { 1 ) - C ( 1 6 ) - C ( 1 5 ) 118.7(2) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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Table 4 , A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for R 2 9 3 2 . 
The a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t takes the form: 
2 * 2 * * 
-2tt [ (ha ) U l l + … + 2hka b U^^ ] 
U l l U2 2 U3 3 U23 U13 U12 
0(1) 82(1) 68(1) • 57(1) 11(1) 32(1) -4(1) 
C(l) 64(2) 40(1) 51(1) -5(1) 26(1) -1(1) 
C(2) 61(2) 55(2) 51(2) -4(1) 15(1) 2(1) 
C(3) 54(2) 62(2) 61(2) -8(1) 14(1) -8(1) 
C(4) 61(2) 48(1) 65(2) -1(1) 24(1) -9(1) 
C(5) 54(2) 41(1) 54(1) 1(1) 22(1) 1(1) 
C(6) 55(2) 50(2) 73(2) 15(1) 22(1) 0(1) 
C(7) 55(2) 6S (2) 57(2) 19(1) 11(1) 1(1) 
C(8) 48(1) 65(2) 48(1) 7(1) 11(1) 7(1) 
C O ) 65 (2) 92 (2) 53 (2) 12 (2) 19 (1) 8 (2) 
C(10) 73 (2) 97 (2) 61(2) -4(2) 21(2) 20(2) 
C(ll) 67(2) 72(2) 65(2) -9(2) 4(2) 15(2) 
C(12) 56 (2) 60(2) 62(2) 1(1) 7(1) -2(1) 
C(13) 40(1) 58(2) 50(1) 2(1) 7(1) -1(1) 
C(14) 47(1) 59(2) 64(2) 4(1) 21(1) -6(1) 
C(15) 54(2) 58(2) 61(2) 1(1) 30(1) 0(1) 
C(16) 53 (1) 41 (1) 53 (1) -4 (1) 23 (1) 1(1) 
C(17) 109 (2) 75 (2) 56 (2) 17 (2) 32 (2) 6(2) 
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j , 
T a b l e 5. H y d r o g e n c o o r d i n a t e s ( x 1 0 、 and i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for R 2 9 3 2 . 
X y z U(eq) 
H(2A) 10538 10695 2022 68 
H(3A) 11414 11997 923 72 
H{4A) 9975 12756 -926 69 
H(6A) 7272 13162 -2268 71 
H(7A) 6228 12254 -3977 73 
H(9A) 7460 10645 -4919 84 
H(IOA) 7429 8694 -5365 93 
H(llA) 6576 • 7368 -4282 87 
H(12A) 5722 8011 -2761 75 
H(14A) 4 6 0 1 9910 -2055 67 
H(15A) 5673 10796 -334 66 
H(17A) 8251 8884 2833 119 
H(17B) 9166 10022 3117 119 
H(17C) 9580 8980 2421 119 
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T a b l e 1. C r y s t a l data and structure r e f i n e m e n t for r3 69. 
I d e n t i f i c a t i o n code p 2 1 c 
E m p i r i c a l formula C H 0 22 24 3 
F o r m u l a w e i g h t 3 3 6 . 4 1 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
C r y s t a l s y s t e m M o n o c l i n i c 
Space g r o u p P2^/c 
U n i t cell d i m e n s i o n s a = 7.9645 (8) A a l p h a = 9 0° 
b = 12.088(1) A b e t a = 9 1 . 1 3 2 ( 2 ) ° 
c = 19.361(2) A g a m m a = 9 0° 
V o l u m e , Z 1863.8(3) A ^ , 4 
D e n s i t y (calculated) 1.199 M g / m ^ 
A b s o r p t i o n c o e f f i c i e n t 0.078 m m " ^ 
F (000) 720 
C r y s t a l size 0.45 x 0.40 x 0.32 m m 
e r a n g e for d a t a c o l l e c t i o n 1.99 to 2 8 . 1 6° 
L i m i t i n g i n d i c e s -10 s h s 10, -15 s A: < 1 4 , -25 s I s 22 
R e f l e c t i o n s c o l l e c t e d 12404 
I n d e p e n d e n t r e f l e c t i o n s 4515 (R = 0.0324) 
int 
C o m p l e t e n e s s to 9 = 2 8 . 1 6° 98.6 % 
A b s o r p t i o n c o r r e c t i o n SADABS 
M a x . and m i n . t r a n s m i s s i o n 1.0000 and 0.6967 
R e f i n e m e n t m e t h o d F u l l - m a t r i x l e a s t - s q u a r e s on F^ 
D a t a / r e s t r a i n t s / p a r a m e t e r s 4515 / 0 / 226 
2 
G o o d n e s s - o f - f i t on F 1.008 
F i n a l R i n d i c e s [ 工 > 2 c r ( I ) ] R 1 = 0 . 0 4 5 4 , wR2 = 0.1189 
R i n d i c e s (all data) R1 = 0 . 0 8 0 9 , wR2 = 0.1387 
L a r g e s t d i f f . p e a k and h o l e 0.190 and - 0 . 2 5 5 
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Table 2 . A t o m i c coordinates [ x 10 ] and e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for r 3 6 9 . U(eq) is d e f i n e d as 
one third of the trace of the o r t h o g o n a l ! z e d U tensor 
ij 
X y z U(eq) 
0(1) -495(2) 1377(1) 4255(1) 60(1) 
0(2) 2807(2) 4615(1) 4808(1) 57(1) 
0(3) 1608 (2) 2849 (1) 7571 (1) 54 (1) 
C(l) -1261 (2) 1360 (1) 4879 (1) 46(1) 
C(2) -206 (2) 1625 (1) 5442 (1) 40(1) 
C{3) 1586 (2) 1807 (1) 5308 (1) 41 (1) 
C(4) 2485(2) 2694 (1) 5461 (1) 41(1) 
C(5) 1888(2) 3716(1) 5795(1) 40(1) 
C(6) 2090(2) 4718(1) 5437(1) 46(1) 
C(7) 1577 (2) 5709 (1) 5720 (1) 62 (1) 
C(8) 897(3) 5715(1) 6371(1) 71(1) 
C(9) 750 (3) 4753 (1) 6739 (1) 63(1) 
C(10) 1228 (2) 3744 (1) 6455 (1) 45 (1) 
C(ll) 1037(2) 2740(1) 6891(1) 44(1) 
C(12) 131 (2) 1856 (1) 6734 (1) 48 (1) 
C(13) -874(2) 1628(1) 6103(1) 44(1) 
C(14) -2562 (2) 1346 (1) 6184 (1) 56 (1) 
C(15) -3571(2) 1104(1) 5626(1) 61(1) 
C(16) -2937(2) 1117(1) 4966(1) 56(1) 
C(17) -1436(3) 1081 (2) 3657 (1) 77 (1) 
C(18) 3106(3) 5592(2) 4423(1) 73(1) 
C(19) 3363(2) 2615(2) 7744(1) 59(1) 
C(20) 3733(3) 1413(2) 7591(1) 90(1) 
C(21) 3456(3) 2817(2) 8512(1) 100(1) 
C(22) 4549(3) 3339(2) 7348(1) 98(1) 
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T a b l e 3. Bond lengths [A] and angles [°] for r 3 6 9 . 
0 ( 1 ) - C ( l ) 1.364(2) 0(1) -C(17) 1.412(2) 
0 ( 2 ) - C ( 6 ) 1.3605 (19) 0 (2) -C{18) 1.4195 (19) 
0(3) -C(ll) 1.3894 (17) 0(3) -C(19) 1.459 (2) 
C ( l ) - C ( 1 6 ) 1.381(2) C(l)-C(2) 1.401(2) 
C { 2 ) - C ( 1 3 ) 1.396(2) C(2)-C(3) 1.472(2) 
C ( 3 ) - C ( 4 ) 1.320(2) C(4)-C(5) 1.477(2) 
C ( 5 ) - C ( I O ) 1.392(2) C(5)-C(6) 1.406(2) 
C ( 6 ) - C ( 7 ) 1.382(2) C(7)-C{8) 1.382(3) 
C ( 8 ) - C { 9 ) 1.370(2) C(9)-C(IO) 1.393(2) 
C ( 1 0 ) - C ( l l ) 1.488(2) C(ll)-C(12) 1.321(2) 
C ( 1 2 ) - C { 1 3 ) 1.473(2) C(13)-C(14) 1.399(2) 
C ( 1 4 ) - C ( 1 5 ) 1.366(2) C(15)-C{16) 1.384(3) 
C ( 1 9 ) - C ( 2 1 ) 1.507(3) C(19)-C(22) 1.508(3) 
C ( 1 9 ) - C ( 2 0 ) 1.513(3) 
C ( l ) - 0 ( 1 ) -C(17) 118.86(15) C ( 6 ) - 0 ( 2 ) - C { 1 8 ) 118.15 (13) 
C ( l l ) - 0 ( 3 ) - C ( 1 9 ) 119.62 (12) 0 ( 1 ) _ C ( 1 ) - C ( 1 6 ) 1 2 4 . 1 8 ( 1 4 ) 
0 ( 1 ) - C ( l ) - C ( 2 ) 114.48(14) C ( 1 6 ) - C ( l ) - C ( 2 ) 1 2 1 . 3 3 ( 1 6 ) 
C ( 1 3 ) - C ( 2 ) - C ( l ) 118.77(15) C ( 1 3 ) - C ( 2 ) - C ( 3 ) 1 2 3 . 3 4 ( 1 3 ) 
C ( l ) - C ( 2 ) - C ( 3 ) 117.74(14) C ( 4 ) - C ( 3 ) - C ( 2 ) 1 2 7 . 2 5 ( 1 4 ) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 126.86(14) C ( 1 0 ) - C ( 5 ) - C ( 6 ) 1 1 8 . 7 1 ( 1 3 ) 
C ( 1 0 ) _ C ( 5 ) - C ( 4 ) 123.58(12) C ( 6 ) _ C ( 5 ) - C { 4 ) 1 1 7 . 6 1 ( 1 3 ) 
0 ( 2 ) - C ( 6 ) - C ( 7 ) 124.52(14) 0 ( 2 ) - C ( 6 ) - C ( 5 ) 1 1 4 . 6 1 ( 1 3 ) 
C ( 7 ) - C ( 6 ) - C ( 5 ) 120.87 (15) C ( 8 ) - C ( 7 ) - C ( S ) 119.43 (15) 
C ( 9 ) - C ( 8 ) - C ( 7 ) 120.50(16) C ( 8 ) - C ( 9 ) - C ( I O ) 1 2 0 . 8 0 ( 1 7 ) 
C(5) -C(IO) - C O ) 119.62(14) C(5) -C(IO) -C(ll) 1 2 3 . 0 6 ( 1 3 ) 
C(9) - C ( I O ) - C ( l l ) 117.30(14) C ( 1 2 ) - C ( l l ) - 0 ( 3 ) 1 1 7 . 5 0 ( 1 3 ) 
C ( 1 2 ) - C ( l l ) - C ( 1 0 ) 126.22(13) O ( 3 ) - C ( 1 1 ) - C ( 1 0 ) 1 1 5 . 0 8 ( 1 2 ) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 128.81(14) C(2)-C(13) -C(14) 1 1 9 . 1 2 ( 1 5 ) 
C ( 2 ) - C ( 1 3 ) - C ( 1 2 ) 123.42(14) C { 1 4 ) - C ( 1 3 ) - C { 1 2 ) 1 1 7 . 3 7 ( 1 4 ) 
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 121.02(16) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 0 . 5 7 ( 1 6 ) 
C ( l ) - C ( 1 6 ) - C ( 1 5 ) 119.14(16) 0 ( 3 ) - C ( 1 9 ) - C ( 2 1 ) 1 0 2 . 9 4 ( 1 6 ) 
0 ( 3 ) - C ( 1 9 ) - C { 2 2 ) 112.12(16) C ( 2 1 ) - C ( 1 9 ) - C ( 2 2 ) 1 1 2 . 8 3 ( 1 8 ) 
0 ( 3 ) - C ( 1 9 ) - C ( 2 0 ) 109.33(15) C ( 2 1 ) - C ( 1 9 ) - C ( 2 0 ) 1 1 0 . 0 9 ( 1 8 ) 
C ( 2 2 ) - C ( 1 9 ) - C ( 2 0 ) 109.37(19) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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Table 4. Anisotropic displacement parameters [A x 10 ] for r3 69. 
The anisotropic displacement factor exponent takes the form： 
2 * 2 * * -277 [ (ha ) U + … + 2hka b U ] 11 12 
Ull U22 U3 3 U2 3 U13 U12 
0(1) 68(1) 64(1) 46(1) -7(1) -3(1) -5(1) 
0(2) 67(1) 49 (1) 54(1) 14 (1) 9(1) -4(1) 
0(3) 65(1) 62(1) 36(1) -3(1) 3(1) 2(1) 
C{1) 53 (1) 31 (1) 53 (1) -1 (1) -3 (1) 1 (1) 
C(2) 46(1) 26(1) 48(1) 1(1) 3(1) 1 ⑴ 
C{3) 47 (1) 35 (1) 42 (1) 0 (1) 5 (1) 6(1) 
C(4) 41(1) 41(1) 42(1) 2(1) 4(1) 3(1) 
C(5) 40(1) 35(1) 43(1) 0(1) -2(1) -1(1) 
C(6) 49 (1) 41(1) 47 (1) 4 (1) -2 (1) -3 (1) 
C(7) 82(1) 35(1) 68(1) 8(1) -2(1) -1(1) 
C{8) 103(2) 38(1) 71(1) -8(1) 10(1) 10(1) 
C O ) 92 (1) 44 (1) 52 (1) -6 (1) 12 (1) 5 (1) 
C(10) 53(1) 37(1) 44(1) -2(1) 1(1) -1(1) 
C(ll) 53 (1) 44 (1) 34 (1) 0 (1) 5 (1) 3 (1) 
C(12) 59(1) 42(1) 42(1) 7(1) 8(1) 1(1) 
C(13) 50(1) 32(1) 50(1) 3(1) 6(1) -2(1) 
C(14) 54(1) 51(1) 65(1) 2(1) 15(1) -5(1) 
C(15) 44 (1) 51(1) 87 (1) 2 (1) 3 (1) _5(1) 
C(1S) 55 (1) 40 (1) 72 (1) -2 (1) -12 (1) _2(1) 
C(17) 93(2) 86(1) 53(1) -13(1) -15(1) -7(1) 
C(18) 84(1) 64(1) 71(1) 28(1) 9(1) -11(1) 
C(19) 62(1) 69(1) 45(1) 3(1) -3(1) -8(1) 
C(20) 79(2) 85(2) 105(2) -1(1) -9(1) 14(1) 
C(21) 99(2) 150(2) 50(1) -11(1) -14(1) 0(2) 
C(22) 79(2) 123(2) 91(2) 27(1) -8(1) -33(1) 
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T a b l e 5. H y d r o g e n c o o r d i n a t e s { x 10 ) and i s o t r o p i c ‘ 
.2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for r 3 6 9 . 
X y z U (eq) 
H(3A) 2147 1234 5090 49 
H(4A) 3614 2674 5347 49 
H(7A) 1689 6365 5475 74 
H(8A) 536 6378 6562 85 
H(9A) 327 4773 7183 75 
H(12A) 126 1302 7068 57 
H(14A) -3003 1322 6625 68 
H(15A) -4695 930 5690 73 
H(16A) -3631 963 4586 67 
H(17A) -739 1137 3260 116 
H(17B) -2379 1 5 7 1 3603 116 
H ( 1 7 C ) -1830 334 3702 116 
H ( 1 8 A ) 3616 5402 3994 109 
H(18B) 3845 6071 4683 109 
H(18C) 2 0 6 1 5965 4332 109 
H{20A) 2984 951 7845 135 
H ( 2 0 B ) 4872 1248 7725 135 
H ( 2 0 C ) 3577 1278 7105 135 
H ( 2 1 A ) 3212 3580 8604 150 
H ( 2 1 B ) 4564 2644 8684 150 
H ( 2 1 C ) 2 6 5 1 2357 8737 150 
H ( 2 2 A ) 4315 4102 7444 14 6 
H ( 2 2 B ) 4400 3204 6862 146 
H(22C) 5685 3172 7486 146 
« 
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T a b l e 1. C r y s t a l data and s t r u c t u r e r e f i n e m e n t for r 3 7 3 . 
I d e n t i f i c a t i o n code p 2 1 c 
E m p i r i c a l formula C H O 
22 18 3 
F o r m u l a w e i g h t 3 3 0.36 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
C r y s t a l s y s t e m M O n o c l i n i c 
S p a c e g r o u p P 2 ^ / c 
U n i t c e l l d i m e n s i o n s a = 9.7702(9) A alpha = 9 0° 
b = 11.343(1) A b e t a = 9 9 . 1 8 3 ( 2 )° 
c = 15.448(1) A g a m m a = 9 0° 
V o l u m e , Z 1690.1(3) A 、 4 
D e n s i t y (calculated) 1.298 M g / m ^ 
A b s o r p t i o n c o e f f i c i e n t 0.086 inin"^ 
F ( O O O ) 696 
C r y s t a l s i z e 0.25 x 0.23 x 0.20 m m 
8 r a n g e for d a t a c o l l e c t i o n 2 . 1 1 to 2 8 . 0 7° 
L i m i t i n g i n d i c e s -12 s h s 1 2 , -15 ^ k s 1 4 , �2 0 s 1 rs 17 
R e f l e c t i o n s c o l l e c t e d 11402 
I n d e p e n d e n t r e f l e c t i o n s 4068 (R = 0 0579) 
int ‘ 
Completeness to 8 = 2 8 . 0 7 ° 99.1 % 
A b s o r p t i o n c o r r e c t i o n S A D A B S 
M a x . a n d m i n . t r a n s m i s s i o n 1.0000 a n d 0.6402 
Refinement method F u l l - m a t r i x l e a s t - s q u a r e s on F^ 
D a t a / r e s t r a i n t s / p a r a m e t e r s 4068 / 0 / 227 
2 
G o o d n e s s - o f - f i t on F 0.951 
F i n a l R i n d i c e s [I>2a(I)] R 1 = 0 . 0 7 3 5 , w R 2 = 0.2207 
R i n d i c e s (all data) R 1 = 0 . 1 6 7 1 , w R 2 = 0.2839 
E x t i n c t i o n c o e f f i c i e n t 0.010(4) 
L a r g e s t d i f f . p e a k a n d h o l e 0.898 a n d - 0 . 4 1 4 
155 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x lO^] and e q u i v a l e n t i s o t r o p i c 
2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for r 3 7 3 . U(eg) is d e f i n e d as 
one third of the trace of the o r t h o g o n a l i z e d U t e n s o r . • 
i j 
^ y z U(eq) 
0(1) 4382(3) 3503(2) 49(2) 70(1) 
0(2) 1683(3) 6342(2) 1022(2) 70(1) 
0(3) 2549 (3) 6005 (3) 2984 (2) 89 (1) 
C(l) 3524 (4) 2617 (3) 204 (2) 57 (1) 
C(2) 3127(4) 1710(4) -383(3) 71(1) 
, C(3) 2249(5) 853(4) -178(3) 80(1) 
C ⑷ 1738(4) 881(3) 607(3) 65(1) 
C(5) 2111(3) 1793(3) 1196(2) 50(1) 
C ⑷ 1548 (4) 1768 (3) 2024 (2) 60 (1) 
C(7) 762(4) 2 5 8 9 ( 3 ) 2301(2) 63(1) 
C(8) 286(4) 3670(3) 1 8 1 7 ⑵ 52(1) 
C(9) -1124 (4) 3836 (4) 1538 (3) 73(1) 
C(10) -1584(5) 4 8 0 6 ( 5 ) 1051(3) 86(2) 
C(ll) -689 (5) 5648 (4) 858 (2) 71(1) 
C(12) 717(4) 5 5 2 7 ( 3 ) 1155(2) 56(1) 
C(13) 1225 (3) 4526 (3) 1634 (2) 48 (1) 
C(14) 2750(3) 4 4 1 5 ( 3 ) 1983(2) 45(1) 
C(15) 3572(3) 3 5 5 5 ( 3 ) 1679(2) 47(1) 
C(16) 3020 (3) 2672 (3) 1006 (2) 46 (1) 
C ( 1 7 ) 4953(5) 3 4 8 5 ( 4 ) -755(3) 97(2) 
C(18) 1231(5) 7399 (4) 573 (3) 91(2) 
C(19) 4989(4) 3 5 0 1 ( 3 ) 2036(3) 61(1) 
C(20) 5529 (4) 4264 (3) 2695 (3) 67(1) 
C(21) 4717(4) 5100(3) 3004(2) 65(1) 
C(22) 3336 (4) 5174 (3) 2653 (2) 50 (1) 
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T a b l e 3. B o n d lengths [A] and angles [ ] for r 3 7 3 . 
0 ( 1 ) - C ( l ) 1.355(4) 0(1) -C{17) 1.441(4) 
0 ( 2 ) - C ( 1 2 ) 1.360(4) 0(2) -C(18) 1.420(4) 
0 ( 3 ) - C ( 2 2 ) 1.367(4) C(l)-C(2) 1.384(5) 
C ( l ) - C ( 1 6 ) 1.407 (5) C(2)-C(3) 1.367 (6) 
C ( 3 ) - C ( 4 ) 1.382 (6) C(4)-C(5) 1.388 (5) 
C ( 5 ) - C ( 1 6 ) 1.396 (4) C(5)-C(6) 1.471(5) 
C ( 6 ) - C ( 7 ) 1.321(5) C(7)-C(8) 1.473 (5) 
C ( 8 ) - C ( 9 ) 1.389 (5) C ( 8 ) - C ( 1 3 ) 1.395 (5) 
C ( 9 ) - C ( I O ) 1.368 (6) C ( 1 0 ) - C ( l l ) 1.360 (6) 
C ( l l ) - C ( 1 2 ) 1.384(5) C ( 1 2 ) - C ( 1 3 ) 1 . 4 0 2 ( 5 ) 
C ( 1 3 ) - C ( 1 4 ) 1.507(5) C ( 1 4 ) - C ( 1 5 ) 1 . 3 9 2 ( 4 ) • 
C ( 1 4 ) - C ( 2 2 ) 1.396 (4) C ( 1 5 ) - C { 1 9 ) 1.407 (5) 
C ( 1 5 ) - C ( 1 6 ) 1.482 (4) C ( 1 9 ) - C ( 2 0 ) 1.376 (5) 
C ( 2 0 ) - C ( 2 1 ) 1.371(5) C ( 2 1 ) - C ( 2 2 ) 1 . 3 7 4 ( 5 ) 
C ( l ) - 0 ( 1 ) - C ( 1 7 ) 118.5(3) C ( 1 2 ) - 0 ( 2 ) - C ( 1 8 ) 118.6 (3) 
0 ( 1 ) - C ( l ) - C ( 2 ) 123.5(3) 0 ( 1 ) - C ( l ) - C ( 1 6 ) 1 1 5 . 8 ( 3 ) 
C ( 2 ) - C ( l ) - C ( 1 6 ) 120.6(4) C ( 3 ) - C ( 2 ) - C ( 1 ) 119.8 (4) 
C ( 2 ) - C ( 3 ) - C ( 4 ) 121.0(4) C ( 3 ) - C ( 4 ) - C ( 5 ) 1 1 9 . 9 ( 4 ) 
C ( 4 ) - C ( 5 ) - C ( I S ) 120.3(3) C ( 4 ) - C ( 5 ) - C ( 6 ) 1 1 7 . 4 ( 3 ) 
C ( 1 6 ) - C ( 5 ) - C ( 6 ) 122.3(3) C ( 7 ) - C ( 6 ) - C ( 5 ) 1 2 5 . 8 ( 3 ) 
C ( 6 ) - C ( 7 ) - C ( 8 ) 125.1(3) C ( 9 ) - C ( 8 ) - C ( 1 3 ) 119.6 (4) 
C ( 9 ) - C ( 8 ) - C ( 7 ) 119.2(4) C ( 1 3 ) - C ( 8 ) - C ( 7 ) 1 2 1 . 2 ( 3 ) 
C ( 1 0 ) - C ( 9 ) - C ( 8 ) 120.2(4) C ( 1 1 ) - C ( 1 0 ) - C ( 9 ) 1 2 1 . 3 ( 4 ) 
C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 119.8 (4) 0 ( 2 ) - C ( 1 2 ) - C ( l l ) 1 2 3 . 9 ( 3 ) 
0 ( 2 ) - C ( 1 2 ) - C ( 1 3 ) 115.8(3) C ( 1 1 ) - C ( 1 2 ) - C ( 1 3 ) 1 2 0 . 3 ( 4 ) 
C ( 8 ) - C ( 1 3 ) - C ( 1 2 ) 118.8(3) C ( 8 ) - C ( 1 3 ) - C ( 1 4 ) 120.9 (3) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 120.2 (3) C ( 1 5 ) - C ( 1 4 ) - C ( 2 2 ) 119.4 (3) 
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 121.9(3) C ( 2 2 ) - C ( 1 4 ) - C ( 1 3 ) 1 1 8 . 6 ( 3 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 9 ) 118.9(3) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 3 . 0 ( 3 ) 
C ( 1 9 ) - C ( 1 5 ) - C ( 1 6 ) 118.1(3) C ( 5 ) - C ( 1 6 ) - C ( l ) 1 1 8 . 5 ( 3 ) 
C ( 5 ) - C ( 1 6 ) - C ( 1 5 ) 120.6(3) C ( 1 ) - C ( 1 6 ) - C ( 1 5 ) 1 2 0 . 6 ( 3 ) 
C ( 2 0 ) - C ( 1 9 ) - C ( 1 5 ) 120.0(3) C ( 2 1 ) - C ( 2 0 ) - C ( 1 9 ) 121.2 (4) 
C ( 2 0 ) - C ( 2 1 ) - C ( 2 2 ) 119.4(4) 0 ( 3 ) - C ( 2 2 ) - C ( 2 1 ) 1 1 8 . 0 ( 3 ) 
0 ( 3 ) - C ( 2 2 ) - C ( 1 4 ) 120.9(3) C ( 2 1 ) - C ( 2 2 ) - C ( 1 4 ) 1 2 1 . 0 ( 3 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for r 3 7 3 . 
The a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t takes the form: 
-21? [ (ha*)2uii + ... + 2hka*b*U^2 ] • 
U l l U22 U33 U23 U13 U12 
0(1) 75(2) 65(2) 76(2) 10(1) 33(2) 4(1) 
0(2) 85 (2) 58 (2) 66 (2) 19 (1) 9 (1) 19 (2) 
0(3) 90 (2) 79 (2) 93 (2) -18 (2) 3 (2) 6 (2) 
C(1) 55(2) 54(2) 62(2) 8(2) 10(2) 15(2) 
C(2) 79(3) 65(3) 72(3) -7(2) 20(2) 17(2) 
C(3) 92(3) 61(3) 84(3) -20(2) 5(3) 8(2) 
C(4) 62 (3) 53 (2) 79 (3) -4 (2) 3 (2) 3 (2) 
C(5) 46 (2) 44 (2) 59 (2) 7 (2) -1(2) 6 (2) 
C(6) 58(2) 52(2) 67(2) 10(2) 6(2) -7(2) 
C(7) 66(3) 66(2) 59(2) 1(2) 15(2) -14(2) 
C(8) 45(2) 61(2) 52(2) -13(2) 10(2) 2(2) 
C (9) 44 (2) 87 (3) 87 (3) -28 (2) 9 (2) 5 (2) 
C(10) 52 (3) 108 (4) 91(3) -43 (3) -8 (2) 25 (3) 
C(ll) 67(3) 81(3) 57(2) -16(2) -7(2) 36(2) 
C(12) 59(2) 60(2) 46(2) -9(2) 2(2) 16(2) 
C(13) 49(2) 54(2) 39(2) -3(1) 3(1) 11(2) 
C(14) 45(2) 47(2) 42(2) 11(1) 3(1) 2(2) 
C(15) 45(2) 41(2) 54(2) 10(2) 8(2) 0(1) 
C(16) 42 (2) 42 (2) 54 (2) 8 (1) 4 (2) 10 (1) 
C(17) 106 (4) 98 (4) 102 (3) 6(3) 60(3) 9(3) 
C(18) 128(4) 68(3) 82(3) 29(2) 31(3) 43(3) 
C(19) 47 (2) 51(2) 82 (3) 3 (2) 4 (2) 2 (2) 
C(20) 42(2) 64(2) 91(3) 10(2) -6(2) -6(2) 
C(21) 59(2) 60(2) 69(2) 4(2) -7(2) -13(2) 
C(22) 55(2) 44(2) 51(2) 4(2) 6(2) 0(2) 
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T a b l e 5 . H y d r o g e n c o o r d i n a t e s { x 10 ) and i s o t r o p i c 
• 2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for r 3 7 3 . 
X y z U(eq) 
H(3A) 3038 6384 3367 133 
H(2A) 3457 1684 -915 85 
H(3B) 1992 242 -571 96 • 
H ( 4 A ) 1145 290 739 79 
H(6A) 1765 1115 2384 71 
H(7A) 488 2475 2844 76 
H(9A) -1756 3286 1682 88 
H ( I O A ) -2528 4 8 9 1 847 103 
H(llA) -1021 6303 528 85 
H { 1 7 A ) 5545 4157 -774 146 
H ( 1 7 B ) 4214 3509 -1245 146 
H ( 1 7 C ) 5482 2776 -781 146 
H(18A) 2018 7887 525 13S 
H(18B) 616 7814 893 13S 
H ( 1 8 C ) 752 7212 -3 136 
H ( 1 9 A ) 5559 2949 1826 73 
H ( 2 0 A ) 6463 4212 2934 81 
H(21A) 5097 5612 3448 78 
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